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Hewlett-Packard is one of the 
world's leading designers and 
manufacturers of RF and 
microwave semiconductors, 
optoelectronic, and fiber optic 
components, as well as 
electronic products and systems 
used for measurement and 
computation. Since its founding 
in Palo Alto, California, in 1939, 
Hewlett-Packard has done its 
best to offer only products that 
represent significant techno- 
logical advances, and that can 
be reliably produced, delivered, 
and supported on a continuing 
basis. 


In November 1991, Hewlett- 
Packard acquired Avantek, Inc. 
Together, the complementary 
products, people, and technolo- 
gies of HP and Avantek create a 
broad-based RF and microwave 
semiconductor business to serve 
the worldwide market. As a 
result, Hewlett-Packard can 
now offer its customers 


complete solutions of RF and 
microwave silicon and GaAs 
semiconductor devices and 
subsystems, for use in 
communications, consumer, 
industrial, transportation, 
computer, and defense markets. 
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About This Catalog 


This Communications Compo- 
nents Designer's Catalog 
contains detailed specifications 
for our complete line of silicon 
and GaAs semiconductor 
products. Included are discrete 
devices, integrated circuits, and 
integrated products such as 
LNAs, power amplifiers, 
switches, comb generators and 
communication link products. 


The catalog begins with an 
alphanumeric listing of 
available products. Following 
sections discuss our Quality 


Assurance and High —— | 


programs. 


The next section illustrates | 
semiconductor product design 
solutions, including block _ 
diagrams for typical applications 
such as cellular radio, Satcom, 
DBS, and GPS. Products. 
suitable for use in each of these 


applications are also listed. This 


section describes just a sample 
ofthe total possible design | 
solutions. Our applications 
engineers can assist you in 
choosing the right HP compo- 
nent for your particular need. 


Complete data sheets for 
available products are divided 
into sections based on product 


type. Each section also includes 
application information about 


. the family of products, as well 


as selection guides. The 
reliability pages at the end of 
each product section include 
information concerning the 
MTTF design goals for most of 
the devices. Where possible, the 
equivalent circuits of many 
devices can be found in the 
product sections and in the 
Application Design Tools 


_ section. These will be of use in 
.. eomputer-aided design circuits. 


. At the back of the catalog is a 
complete index of application 

- notes pertaining to the use of 

. these products. Also included at 

_ the back of this catalog is 


information on application 
design, general information on 


ordering products, as well as 

. specific packaging and ordering 
information for HP 
semiconductor devices. 


Нож To Use This 


Catalog 


Several indexes are included to 

help locate components in this 

catalog: 

* a Table of Contents lists 
devices by their general 
description 





* an Alphanumeric Index lists 
all devices by part number. 

* a Design Solution section 
describes block diagrams and 
HP semiconductor solutions 
for typical communications 
applications 

° Selection Guides at the begin- 
ning of each product section 
group products by major 
specifications, frequency, ete., 

е Page Tabs identify product | 
groups аз well as other | 
important sections of the 
catalog. 


Although product information 
and illustrations in this catalog 
were current at the time it was 
approved for printing, Hewlett- 
Packard, in a continuing effort 
to offer excellent products at a 
fair value, reserves the right to 
change specifications, designs, 
and models without notice. 
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* Standard Hi-Rel version available, consult your local HP sales representative. ** Hi-Rel version available in package 35 only. 
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AT-60111 
AT-60200 
AT-60211* 
AT-60500* 


AT-60510* 
AT-60535* 
AT-60570* 
AT-60585 
AT-60586 


AT-64020* 
AT-64023* 
ATF-10100 
ATF-10136** 
ATF-10170* 
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ATF-44101* 


ATF-45100* 
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ATF-46101* 


ATF-46171* 
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AWP-117500 
AWP-132200 
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* Standard Hi-Rel version available, consult your local HP sales representative. ** Hi-Rel version available in package 35 only. 
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* Standard Hi-Rel version available, consult your local HP sales representative. ** Hi-Rel version available in package 35 only. 
t Consult your local HP Sales representative. Е | 1 
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HPMA-0311 Refer to MSA-0311 | | 
НРМА-0335 Refer to MSA-0335 
HPMA-0370* Refer to MSA-0370 
HPMA-0385 Refer to MSA-0385 
HPMA-0386 . Refer to MSA-0386 
HPMA-0400* Refer to MSA-0400 
HPMA-0435 . Refer to MSA-0435 24 gi | AIT ж 40% | EN 
HPMA-0470TXV Refer to HRMA-0470B* ——— ————— — —ná— c n. E 
HPMA-0485 Refer to MSA-0485 . т ГЕ | bark 
HPMA-0486 ` Refer to MSA-0486 
HPMA-0600* Refer to MSA-0600 
HPMA-0611 Refer to MSA-0611 . | NE ZEN | | | “407 
HPMA-0670TXV Refer to HRMA-0670B*.............................................................................................................. T. 
НРМА-0685.. Referto MSA-0685 | | | йе % E eom "SP og 
НРМА-0686 — Refer to MSA-0686 . 

HPMA-0700* _ Refer to MSA-0700 

HPMA-0711 Refer to MSA-0711 

HPMA-0735 Refer to MSA-0735 Sa з ЭЕ | | | 
HPMA:0770TXV Refer to HRMA-0770B*.................................................................................... — илаа: t 
HPMA-0785 Refer to MSA-0785 Pa | VPE. в qué o4 c is 

HPMA-0786 Refer to MSA-0786 

HPMA-0800* Refer to MSA-0800 

HPMA-0835 Refer to MSA-0835 | " es 2. M | | 
HPMA-0870TXV Refer to HRMA-0870B* .................... ————— санал ына n u ТЕ ses 
HPMA-0885 Refer to MSA-0885 | = "EC EE 
HPMA-0886 Refer to MSA-0886 т“ 
HPMA-0910* Refer to MSA-0910 E 
HPMA-2000 Obsolete | 
НРМА-2011 Refer to MSA-2011 X AN 
HPMA-2035 Reler'to МВА2085 2 неее о, seen 
HPMA-2085.  . Refer to. MSA-2085 ................................................................................................................... ee. 
HPMA:2086- Refer to MSA-2080 .......................................................................................... осо ылы + 
HPMA-2100 Obsolete | 
HPMA-2111 . Refer to MSA-3111 | | 
HPMA-2135 Bic tó MSA 91395 uuu ——— — — —— ———À t 
HPMA-2170TXV Refer to HRMA-3170B* же 
HPMA-2185 ` Refer to MSA-3185 ....................................................................................................................... T 
HPMA-2186 Refer to MSA-3186 ....................................................................................................................... t 
HPMA-9900 _ Refer to MSA-9900 b 
HPMA-9935 Refer to MSA-9970 

HPMA-9970* Refer to. MSA-9970 

НРМА-9986 ` Refer to MSA-9970 E C 430 
НРМХ-2001 Silicon Bipolar Monolithic QPSK Modulator ................................................. — —— "€ 8&7 a 
HPMX-2002  . Silicon Bipolar Monolithic QPSK Modulator ...............................................................................8-13 ` 
HPMX-2003 . Silicon Bipolar Monolithic QPSK Modulator ......... заны аа қосыны MN алады 18-21 
НРМХ-2004 Silicon Bipolar Monolithic QPSK Modulator ...........................................................................:..T8-24 _ 
HPMX-2005 Silicon Bipolar Monolithic QPSK Modulator ........................... —— УТО ИНЕ Á— — ..18-27 . 
HPMX-3002 . Silicon Bipolar Monolithic QPSK Modulator............................................................................... .T8-30 . 
HPND-0001* Small Signal RF PIN Diode Chip ................................................................................................ 4-8 
HPND-0002* Small Signal RF PIN Diode Chip А КУ ———— Е n e ..... 4-8 
HPND-0003* Small Signal RF PIN Diode Chip .................................................:...........................[ —À e M80 
HPND-4001* Beam Lead PIN Diode (obsolete) “5 оре =з 5 7,2407 
HPND-4005* Beam Lead PIN Diode................................................................................... —Ü Балы MY .4-12 J 
HPND-4018* Fast Switching Beam Lead PIN Diode ........................................ —€———— REN CEN 44-14 — 
HPND-4028* Fast Switching Beam Lead PIN Diode....................................................... HNIC T | 


* Standard Hi-Rel version available, consult your local HP sales representative. 
TConsult your local HP sales representative. 


** Hi-Rel version available in package. 
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HPND-4038* 
HPND-4050* 


HPND-4165* 
HPND-4166* 
HPVA-0180 


HSCH-0812 
HSCH-3206 
HSCH-3207 
HSCH-3486 
HSCH-5310* 


HSCH-5311* 
HSCH-5312* 


НЅСН-5313* 


HSCH-5314* 
HSCH-5315* 


HSCH-5316* 


HSCH-5317* 


HSCH-5318* _ 


HSCH-5319* 


HSCH-5320* | 


HSCH-5321* 
HSCH-5330* 


HSCH-5331* © 


HSCH-5332* 
HSCH-5333* 


HSCH-5334* 
HSCH-5335* 
HSCH-5336* 
HSCH-5337* 
HSCH-5338* 


HSCH-5339* 
HSCH-5340* 
HSCH-5341* 
HSCH-5510* 
HSCH-5511* 


HSCH-5512* 
HSCH-5514* 
HSCH-5516* 
HSCH-5518* 
HSCH-5520* 


HSCH-5530* 
HSCH-5531* 
HSCH-5532* 
HSCH-5534* 
HSCH-5536* 


HSCH-5538* 


HSCH-5540*. 


HSCH-5810* 
HSCH-5812* 
HSCH-5816* 


HSCH-5830* 
HSCH-5832* 
HSCH-5836* 
HSCH-5912* 
HSCH-5918* 


DESCRIPTION | CHIP 


Fast Switching Beam Lead PIN Diode ALAA о 32) 
Beam Lead PIN Diode ............................................ mn.————————— RO ТІ. 


RF PIN Diode ......................................................................................... 5089-0012..................... 
. RF PIN Diode ......................................................................................... 5082-0012 .................... 
Silicon Bipolar Monolithic Variable Gain Amplifier ———— M Г ГГ š 


Hi-Rel Zero Bias Schottky (HSCH-3486) .................................................................................... 
Zero Bias Detector Schottky Diode ....................................................... 5082-0013 .................... 
Zero Bias Detector Schottky Diode .............................................................................................. 
Zero Bias Detector Schottky Diode .............................................................................................. 


Medium V; Schottky Beam Lead .......................... ааа enne enne 


Batch Matched HSCH-5310 .............................. "—-———————— ——" 
Medium Ур Schottky Beam Lead ...... ——— Q — ———— Y РТУ 
_ Batch Matched HSCH-5312 .......... ии 0. ttn nt teen еее ннен 


Ku Band Medium Vp Schottky Beam Lead........................................ —————Ó—— M E | 


Batch Matched HSCH-5314....................................................................................... — nasus 


Medium Ур Schottky Beam Lead .................................. ————————— 
Batch Matched HSCH:-5316.......................................................................................................... 
X-Band Medium Ук Schottky Beam Lead ..................................................................... ¿usya iss 
Batch Matched HSCH-5318 .................................—.. RT ———— 
Medium Vk Barrier Beam Lead Schottky Diode......................................................................... 


Bata Matched PSSGN 5390. анана еннан 


Low Ук Schottky Beam Lead ................................................ ИККИ КОК ГУ ТО О Г paqa 


Batch Matched HSCH-5330 ............... ————— - 
Low Vg Schottky Beam Lead ...................... eret uuu enne nnne nnne nnne 
Batch Matched TSO e e y MNNNEMNNMMT-—————-——————— Á s 


Ku Band Low Ур Schottky Beam Lead ................................... l... a... entente 
Batch Matched HSCH:-5334......................................................................................................... 
Low Үр Schottky Beam Lead ..................... eere а а nnne 
Batch Matched НӘСН-5336...магә.әә..аа.аа..аааа а... 


Ku Band Low Vp Schottky Beam Lead .......................... eene nennen | 


Batch Matched HSCH:-5338.......................................................................................................... 
Low Barrier Beam Lead Schottky Diode................................................................ —— 
Batch Matched HSCH-5340............................................................... —— ——— BÓ 


Ku Band Medium Ур Schottky Beam Lead Pair .............................. — —€——MÁ— sasa: | 


Medium Ур Schottky Beam Lead Pair ...................... ааа ыы ыы. 


~- Medium Barrier Beam Lead Schottky Diode —— ———————Q 
"Medium Barrier Beam Lead Schottky Diode ................. €———————MÓ 


Medium Barrier Beam Lead Schottky Diode.............................................................................. 
Medium Barrier Beam Lead Schottky Diode............................................................................... 
Medium Barrier Beam Lead Schottky Diode "——————S —— as 


_ Ku Band Low Ур Schottky Beam Lead Pair ...............езенеенен е — 
Low Үр Schottky Beam Lead Pair .................. eese nennen entente enn enne 
Low Barrier Beam Lead Schottky Diode...................................................................... — M qa 


Low Barrier Beam Lead Schottky Diode и дашы ошын ананын нишаны ныннан аннын, 9 


Low Barrier Beam Lead Schottky Diode ....................... — asas, РТР иаа i»: 


Low Barrier Beam Lead Schottky Diode ................................. ак ол 
Low Barrier Beam Lead Schottky Diode..................................................................................... 
Medium Barrier Beam Lead Schottky Diode.............................................................................. 


Medium Barrier Beam Lead Schottky Diode............................................................................... | 


Medium Barrier Beam Lead Schottky Diode ....................... ————————— ' ннн 


Low Barrier Beam Lead Schottky Diode................................................................ —— M 
Low Barrier Beam Lead Schottky Diode................................................................................... is 
Low Barrier Beam Lead Schottky Diode..................................................................................... 
Beam Lead Schottky Diode Bridge Quad ........................... eene 
Beam Lead Schottky Diode Bridge Quad .............................. eene 


* Standard Hi-Rel version available, consult your local HP sales representative. ** Hi-Rel version available in package. 
tConsult your local HP sales representative. 
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MODEL NO. 


HSCH-5932* 
HSCH-5938* 
HSCH-5952* 
HSCH-5958* 
HSCH-6310 


HSCH-6312 
HSCH-6330 
HSCH-6332 
HSCH-6510 
HSCH-6512 


HSCH-6530 
HSCH-6532 
HSCH-6810 
HSCH-6812 
HSCH-6830 


HSCH-6832 
HSCH-9101* 
HSCH-9201* 


HSCH-9251* 


HSCH-9301* 
HSCH-9351* 


HSMP-3800 
HSMP-3801 
HSMP-3802 
HSMP-3804 
HSMP-3810 
HSMP-3811 


HSMP-3812 
HSMP-3813 
HSMP-3814 
HSMP-3820 
HSMP-3821 


HSMP-3822 
HSMP-3823 
HSMP-3824 
HSMP-3830 
HSMP-3831 


HSMP-3832 
HSMP-3833 
HSMP-3834 
HSMP-3880 
HSMP-3881 


HSMP-3890 ` 


HSMP-3890 
HSMP-3892 
HSMP-3893 
HSMP-3894 


HSMP-3895 
HSMP-4810 
HSMP-4820 
HSMP-4890 
HSMS-0001* 


DESCRIPTION CHIP | . NO. 
Beam Lead Schottky Diode Bridge Quad ...................... ыны ЛУ КУ ГГ Y 3-35 
Beam Lead Schottky Diode Bridge Quad 0... 3-85 
Beam Lead Schottky Diode Bridge баайд  0..м ы 3-35 
Beam Lead Schottky Diode Bridge бий. eee ee eee eese theses L, 3-35 
Medium Barrier Hermetic Schottky Diode ...................................... J.J... a aaa 3-50 
Medium Barrier Hermetic Schottky Diode .............. RENE ...3-50 — 
Low Barrier Hermetic Schottky Diode ................................ ——— ———— —— — ..3-50 — 
Low Barrier Hermetic Schottky Diode.................................................... J.J... aaa. 3-50 
Medium Barrier Hermetic Schottky Diode ............................... —— — — MO 3-50 
Medium Barrier Hermetic Schottky Diode 008338244, 3-50 
Low Barrier Hermetic Schottky Diode ................................ кан ан И, 
Low Barrier Hermetic Schottky Diode ......................... лад Ó——————— EN 3-50 
Medium Barrier Hermetic Schottky Diode ................ccccssssssssssccosessceceiscccscsesscsscesccsssececsoeseeseesese 3-50 
Medium Barrier Hermetic Schottky Әде 32. 3-50 
Low Barrier Hermetic Schottky Diode ...220ә2әәаол..ғ0г040 0000 a A 3-50 ` 
Low Barrier Hermetic Schottky Diode ........................ EE 55570 S 
GaAs Beam Lead Schottky Barrier Diode ................... — MÀ ————Á—— .8-39 
GaAs Beam Lead Schottky Barrier Diode........................................... — — ——— Áo ғ 
GaAs Beam Lead Schottky Barrier Diode ....................... €———— Á— 3-39 
GaAs Beam Lead Schottky Barrier Diode Ring Quad........................................ — — M ....3-42 — 
GaAs Beam Lead Schottky Barrier Diode Ring Quad............... ИЕ 3-42 
Surface Mount PIN Diode...................................................................... НРМР-0001 .................4-25 
Surface Mount PIN Diode ........................... Ó—X—Á—Á— нее ПРМЮ-0001 а: .....4-25 
Surface Mount PIN Diode ................................ — ——— IN HPND-0001 ............. 1000 4-25 | 
Surface Mount PIN Diode...................................................................... HPND-0001 ................. 4-25 
Surface Mount PIN Diode............................................................ ак: HPND-0002 .................4-25 
Surface Mount PIN Diode.......................................................... — HPND-0002...........4-25 — 
Surface Mount PIN Diode.................................................................. HPND-0002 ................. 4-25 
Surface Mount PIN Diode......................................................................HPND-00032................4-95 
Surface Mount PIN Diode..................................................... BOUES HPND-0002 .................4-25 
Surface Mount PIN Diode...................................................................... HPND-0008 ................. 4-25 ( 
Surface Mount PIN Пісде.0.әло. 2898 HPND-0008 ............... ..4-25 | 
Surface Mount PIN Diode.......................................... ТКЕН НРМР-0008 ................. 4-25 
Surface Mount PIN Diode..................................................................... .НРМО-0003.................4-95 | 
Surface Mount PIN Diode ........ —Ó———— Á——— (M HPND-0008 ................. 4-25 
Surface Mount PIN Diode................................................ scum Зы 5082-0012 .................... 4-25 
Surface Mount PIN Diode ............................ ————————Ü 5082-0012 ....................4-25 
Surface Mount PIN Diode...................................................................... 5082-0012 .................... 4-25 
Surface Mount PIN Diode ......................... PR 5082-0012 .................... 4-25 
Surface Mount PIN Diode ......................... — d —— Ó— 5082-0012 ....................4-25 
Surface Mount SOT-23 PIN Diode for RF Switching Applications ........................................... 4-25 
Surface Mount SOT-23 PIN Diode for RF Switching Applications ........................................ ...4-25 
Surface Mount ЗОТ-23 PIN Diode for RF Switching Applications ОКУС „4-25 — 
Surface Mount SOT-23 PIN Diode for RF Switching Applications ————— M 9ÁÀ4 
Surface Mount SOT-23 PIN Diode for RF Switching Applications ........................................... 4-25 
Surface Mount SOT-23 PIN Diode for RF Switching Applications ........................................... 4-25 
Surface Mount SOT-23 PIN Diode for RF Switching Applications .........................................:.4-25 
Surface Mount SOT-23 PIN Diode for RF Switching Applications ........................................... 4-25 
Surface Mount High Frequency Attenuating PIN Diode .................... "—Á— — 4-25 
Surface Mount High Frequency Limiting PIN Diode .................cccccccccoccessssssssseccesseceocoosseseceecese 4-25 
Surface Mount High Frequency Switching PIN Diode .................... cerent ETTE os 4-25 


Offset Junction Schottky Barrier Chip............................ TT ———ÁÁ—Ü шата 9212 


* Standard Hi-Rel version available, consult your local HP sales representative. ** Hi-Rel version available in package. 


X 


GENERIC PAGE 


MODEL NO. DESCRIPTION CHIP _ NO. 








HSMS-0002* Offset Junction Schottky Barrier Chip... nennen ---....2.12 
HSMS-0003* Offset Junction Schottky Barrier Chip.................... eene tenent nnne ене нн енен. 3-12 _ 
HSMS-0011* Batch Matched HSMS-0001 ..........................- m ИРЕ 3-12 
HSMS-0012* Batch Matched HSMS-0002 ............... иен ини ини иное nnn nnne nennen енен ене. 3-12 
HSMS-0013* Batch Matched HSMS-00038 ............... 4 eese 0 ы.а сенен нее нен тен ете те 3-12 
HSMS-2800 Surface Mount Schottky Barrier Diode Ll a... . . . . |. HSMS-0001 ................. 3-55 
HSMS-2801 Surface Mount Schottky Barrier Diode ................................................ HSMS-0001 ................. 3-55 — 
HSMS-2802 Surface Mount Schottky Barrier Diode ................................................ HSMS-0001 .............. ...3-55 
HSMS-2803 Surface Mount Schottky Barrier Diode ................................................ HSMS-0001 ................. 3-55 
HSMS-2804 Surface Mount Schottky Barrier Diode ................................................ HSMS-0001 ................. 3-55 
HSMS-2805 Surface Mount Schottky Barrier Diode ................................................ HSMS-0001 ................. 3-55 
HSMS-2807 Surface Mount Schottky Barrier Diode ............................................... HSMS-0001 ................. 3-55 
HSMS-2808 Surface Mount Schottky Barrier Diode ................................................ HSMS-0001 .................9-55 
HSMS-2810 Surface Mount Schottky Barrier Diode ................................................ HSMS-0002 .................9-55 
HSMS-2811 Surface Mount Schottky Barrier Diode ........................-- ое е ен ее. HSMS-0002 ................. 3-55 
HSMS-2812 Surface Mount Schottky Barrier Diode ...................... ооо инете HSMS-0002 ................. 3-55 
HSMS-2813 Surface Mount Schottky Barrier Diode ................................................ HSMS-0002 ..............:..8-55 
HSMS-2814 Surface Mount Schottky Barrier Diode _ ccccesteceesescssececesssenasesscssssssseeses HIM 39-0002 ............... ..9-55 
HSMS-2815 Surface Mount Schottky Barrier Diode L... HSMS-0002 ......... 3-55. 
HSMS-2817 Surface Mount Schottky Barrier Diode Janna... . | HSMS-0002 ................. 3-55 
HSMS-2818 Surface Mount Schottky Barrier Diode ................................................ HSMS-0002 ................. 3-55 
HSMS-2820 Surface Mount Schottky. Barrier Diode ......................-. ион HSMS-0008 ................. 3-55 
HSMS-2821 Surface Mount Schottky Barrier Diode ............................................... HSMS-00083 .................3-55 
HSMS-2822 Surface Mount Schottky Barrier Diode ................................................ HSMS-00083 ................. 3-55 
HSMS-2823 Surface Mount Schottky Barrier Diode ................................................ HSMS-0003 ................. 3-55 
HSMS-2824 Surface Mount Schottky Barrier Diode ......... L... .... .. FID MS -0003 ................. 3-55 
HSMS-2825 Surface Mount Schottky Barrier Diode ......... -——————" A HSMS-0008 ................. 3-55 
HSMS-2827 Surface Mount Schottky Barrier Diode ........ келте ——— ——P HSMS-0008 ................. 3-55 
HSMS-2828 Surface Mount Schottky Barrier Diode ..................... nn HSMS-0008 ................. 3-55 
HSMS-2840 Surface Mount Schottky Barrier Diode ................... nee 3-55. 
HSMS-2841 Surface Mount Schottky Barrier Diode ....................... eene 3-55 
HSMS-8001 Schottky Diode Chips for X/Ku Band Hybrid Integrated Circuit ............... КИН ТКТ 3-15 
HSMS-8002 Schottky Diode Chips for X/Ku Band Hybrid Integrated Circuit ....................... — M 3-15 
HSMS-8011 Schottky Diode Chips for X/Ku Band Hybrid Integrated Circuit ................. eene 3-15 
HSMS-8012 Schottky Diode Chips for X/Ku Band Hybrid Integrated Circuit ................... eene 3-15 
HSMS-8101 Surface Mount Microwave SOT-23 Schottky Diode Single ...............-- Hm 3-61 
HSMS-8202 Surface Mount Microwave SOT-23 Schottky Diode Pair .................. шаа қ... ея 3-61 


HSMX-3131 Refer to AT-41511 or AT-00511 
HSMX-3151 Refer to AT-41511 or AT-00511 
HSMX-3635 Refer to AT-41511 or AT-00511 


HSMX-3655 Refer to AT-41511 or AT-00511 
HXTR-2001 Refer to AT-41500 or AT-42000 
HXTR-2101 Refer to AT-41410 or AT-42010 
HXTR-2102 Refer to AT-41470 or AT-42070 
HXTR-3001 Refer to AT-41400 or AT-42000 


HXTR-3002 Refer to AT-42000 
HXTR-3101 Refer to AT-41435 or AT-42035 
HXTR-3102 Refer to AT-42035 
HXTR-3103 Refer to AT-41435 or AT-42035 
HXTR-3104 Refer to AT-42035 


HXTR-3185 Refer to AT-41485 or AT-42085 
HXTR-3186 Refer to AT-41486 or AT-42086 
HXTR-3615 Refer to AT-41435 | 
HXTR-3645 Refer to AT-41435 

HXTR-3675 Refer to AT-41435 


* Standard Hi-Rel version available, consult your local HP sales representative. ** Hi-Rel version available in package. 
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ИКЕ | | GENERIC PAGE 
MODEL NO. DESCRIPTION .. CHIP NO. 
HXTR-3685 | Refer to AT-41485 IUE ы Са а # 
HXTR-3686 Refer to AT-41486 | 
HXTR-4101 General Purpose Oscillator Transistor (obsolete) 

HXTR-4103 High Output Power Oscillator Transistor (obsolete) 

HXTR-5001 Refer to AT-42000 

HXTR-5002 Linear Power Transistor Chip (obsolete) 

HXTR-5101 Refer to AT-42010 

HXTR-5102 Кет to AT-64023 

HXTR-5103 Linear Power Transistor (obsolete) 

HXTR-5104 Refer to AT-64020 

HXTR-6001 Refer to AT-60500 © 

HXTR-6101 Refer to AT-60570 

HXTR-6102 Refer to AT-60570 

HXTR-6103 Refer to AT-60510 

HXTR-6104 Refer to AT-60510 

HXTR-6105 Refer to AT-41410 

HXTR-6106 Refer to AT-41470 

HXTR-7011 Refer to AT-41400 

HXTR-7111 Refer to AT-41410 | и | E SUN 
IAM-81000 MaglC Silicon MMIC Active Double Balanced Mixer/IF Amplifier ........:.............. саа Odd. 
IAM-81008 MaglIC Silicon MMIC Active Double Balanced Mixer/IF Amplifier .............. 8-35 | 
IAM-81018 MaglIC Silicon MMIC Active Double Balanced Mixer/IF Amplifier .......................................... 8-37 ` 
IAM-82008 ` MagIC Silicon MMIC Active Double Balanced Mixer/IF Amplifier ....................................... ..8-39 
IAM-82018 MaglIC Silicon MMIC Active Double Balanced Mixer/IF Amplifier ........................ a. 8-43 | 
IDA-07318 1.5 Gb/s MagIC Silicon MMIC Laser Diode Driver ло. ммм 10-86 
DC-51418 1.5 Gb/s MagIC Silicon MMIC Integrated Decision Circuit ............ — MÀ ОИНИ ТРЕТИНИ Е: 10-88 
IFD-50010 `` MagIC Silicon MMIC Active Double Balanced Mixer/IF Amplifier (obsolete) 

IFD-50210 MaglIC Silicon MMIC Active Double Balanced Mixer/IF Amplifier (obsolete) | š 
IFD-53010 Silicon MMIC Divide-by-Four Static Prescaler орала 8-45 
IFD-53110 Silicon MMIC Divide-by-Four Static Prescaler ................................ —— € —— 8-45 
INA-01100* MagIC Low Noise Silicon MMIC АпКР“-«"ЛЛЛЛЛЛЛОӘОӘСӘСӘЛҢЛҢЛЛҢЗЛМШШНТБНШІЦЛ-ЗҢ 44. 8-50 
INA-01170* — MagIC Low Noise Silicon MMIC Amplifier ныт лыны алына ТОТ ао 
INA-02100* MagIC Low Noise Silicon MMIC Amplifier 884. 8-54 
INA-02170* MagIC Low Noise Silicon MMIC Amplifier ................ или. 8-56 
INA-02184 MagIC Low Noise Silicon MMIC Amplifier 2 dl. 8-58 
INA-02186 _ MagIC Low Noise Silicon MMIC Amplifier ..................... о о О 
INA-03100* MagIC Low Noise Silicon MMIC Amplifier .................. eerte ————— 48-62 | 
INA-03170* MagIC Low Noise Silicon MMIC Amplifier .............................. TR usu ее ..8-64 
INA-03184 MagIC Low Noise Silicon MMIC Amplifier .............................. елен оно ыны E 
ІМА-10386 MagIC Medium Power Silicon MMIC Атрііћег................................... —Ó€———Á——Á— УГ awa: 8-68 ` 
ITA-06318 1.5 Gb/s MagIC Silicon MMIC Fiber Optic Transimpedance Amplifier ................ лылы а 10:92 : 
ІТА-12300 0.8 Gb/s MagIC Silicon MMIC Fiber Optic Transimpedance Amplifier .................................... 10-94 
ITA-12318 0.8 Gb/s MagIC Silicon MMIC Fiber Optic Transimpedance Amplifier ................... eee. 10-94 
IVA-05118 MaglIC Silicon MMIC Variable Gain Amplifier ...... — I: ————— ááÓP— E 10598 
IVA-05200 MagIC Silicon MMIC Variable Gain Amplifier .............................................. ——— HS 10-100 
IVA-05208 MagIC Silicon MMIC Variable Gain Amplifier ............................. ——— "moms L 02105 
IVA-05218 MagIC Silicon MMIC Variable Gain Amplifier ............................... ES TNT RNC .10-104 
IVA-14208 MagIC Silicon MMIC Variable Gain Amplifier ............................ ———Á—Á—P— 10-106 
IVA-14228 MagIC Silicon MMIC Variable Gain Amplifier ............................ "— ————Ü 10-106. 
JAN1N5711 MIL-S-19500/444 Schottky Diode .................... eere 5082-0024 .................... 3-64 
JAN1N5712 MIL-S-19500/445 Schottky Diode ............................. J.J. Ia, 5082-0087 ....... — 3-64. / 
JAN1N5719 MIL-S-19500/443 PIN Diode ....2Т2..о.Шы 5082-0012 .............. e-.4-37 0 
JANTX1N5711  MIL-S-19500/444 Schottky Diode ......................................................... 5082-0024 .............. ......3-64 


JANTX1N5712  MIL-S-19500/445 Schottky Diode .0..........ccccccsscosssssssssscsscssccccseeseees ......5082-0087 өзе. лаалмд-64- — 


* Standard Hi-Rel version available, consult your local HP sales representative. ** Hi-Rel version available in package 35 only. 
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MODEL NO. 
JANTX1N5719 

JANTXV1N5711 
JANTXV1N5712 


MGA-61000 
MGA-61100 


MGA 62100 
MGA-63100 
MGA-64135 
МСА-65100 
МСА-66100 


MGS-70008 
MGS-70018 
MGS-71008 
MGS-71018 
MSA-0100 


MSA-0104 
MSA-0135* 
MSA-0170* 
MSA-0185 
MSA-0186 


MSA-0200* 
MSA-0204 - 
MSA-0235* 
MSA-0270* 
MSA-0285 


MSA-0286 
MSA-0300* 
MSA-0304 
MSA-0311 
MSA-0335* 


MSA-0370* /| 


MSA-0385 


MSA-0386 


MSA-0400* 
MSA-0404 


MSA-0420* 
MSA-0435* 
MSA-0470* 
MSA-0485 
MSA-0486 


MSA-0500* 
MSA-0504 
MSA-0505 
MSA-0520* 
MSA-0600 


MSA-0611 
MSA-0635* 
MSA-0670* 
MSA-0685 


MSA-0686 
MSA-0700* 
MSA-0711 
MSA-0735* 
MSA-0770* 





GENERIC PAGE 
DESCRIPTION | | CHIP | NO. 
MIL-S-19500/444 PIN Diode ................................................................. 5082-0012 ....................4-97 - 
MIL-S-19500/444 Schottky Diode ......................................................... 5082-0024 .................... 3-64 
MIL-S-19500/445 Schottky Diode ......................................................... 5082-0087 ....................9-64 
General Purpose GaAs MMIC Amplifier .............. е —À "— ——M— — À 9-25 
General Purpose GaAs MMIC Amplifier .............. ————— — sassa 9:28 
Low Noise GaAs MMIC Amplifier ........................ eene ————S 9-31 
Medium Power GaAs FET Cascade ee een rere rr 3 
General Purpose GaAs MMIC Amplifier ..................... eene НИ a 
Medium Power GaAs FET Cascade ........... ———— — P a 
General Purpose GaAs MMIC Amplifier ............ ———— á — inciter eren E 7 
GaAs FET Switch ...................................................... КОКЕ ЛЛ Л О eue 9-45 : 
GaAs FET Switch ............................................ NONEM s TTE 
GaAs FET Switch ................. ананын опат ны ИЕС "—————— .....9-51 
GaAs FET Switch В  Н Н Ң С-ға neta nnne nnn ао ......9-48 
MODAMP General Purpose Silicon MMIC Amplifier ...................... emm 8-70 
MODAMP General Purpose Silicon MMIC Amplifier ....................... em 8-72 
MODAMP General Purpose Silicon MMIC Amplifier —————— —— t 
MODAMP General Purpose Silicon MMIC Amplifier .....................- клен ее. —— 8-76 
MODAMP General Purpose Silicon MMIC Amplifier ............... MW ОТВ 
MODAMP General Purpose Silicon MMIC Amplifier ИНКАР ЕЕЕ 8-80 
MODAMP General Purpose Silicon ММІС Amplifier ————————— Е ...8-82 
_ MODAMP General Purpose Silicon MMIC Amplifier ИНТЕР ——— ua 8-84 
MODAMP General Purpose Silicon MMIC Amplifier ............................-- ОНА 8-86 
MODAMP General Purpose Silicon MMIC Amplifier ....................... eme 8-88 
MODAMP General Purpose Silicon MMIC Amplifier ..................... nennen e 8-90 
MODAMP General Purpose Silicon MMIC Amplifier ............ ——————Ó 8-92 
MODAMP General Purpose Silicon MMIC Amplifier ......................- mm 8-04 
MODAMP General Purpose Silicon MMIC Amplifier ..................-.. «eem 8-06 
MODAMP General Purpose Silicon MMIC Amplifier ............. ——— sassa 8-98 
MODAMP General Purpose Silicon MMIC Amplifier .......................-.------. КН 8-100 
MODAMP General Purpose Silicon MMIC Amplifier ——— ————— 8-102 
MODAMP General Purpose Silicon MMIC Amplifier .................... nennen ..8-104 
MODAMP General Purpose Silicon MMIC Amplifier он Т ТКЕН 
MODAMP Medium Power Silicon MMIC Amplifier ................... T———— УРЕ ..8-108 
MODAMP Medium Power Silicon MMIC Amplifier ........................-- ре. ——— "€ 8-111 
MODAMP Medium Power Silicon MMIC Amplifier ..................5.... eerte 8-113 
MODAMP Medium Power Silicon MMIC Amplifier ............. ——————— n 8-115 
MODAMP Medium Power Silicon MMIC Amplifier ...................... nennen nen 8-117 
MODAMP Medium Power Silicon MMIC Amplifier ................. "—«€—— nÜ r— 8-119 
MODAMP Medium Power Silicon MMIC Amplifier...................................... КЕТ 8-121 
_ MODAMP Medium Power Silicon MMIC Amplifier ....................... аа. .8-123 
MODAMP Medium Power Silicon MMIC Amplifier ......................... ener 8-126 
MODAMP Medium Power Silicon MMIC Amplifier ......................-. "—————— 8-128 
MODAMP Medium Power Silicon MMIC Amplifier ................. — MM m — тры 8-130 
MODAMP Low Noise Silicon MMIC Amplifier ................... ————— ees 8-132 
MODAMP Low Noise Silicon MMIC Amplifier .................... neret nne J .. 8-134 
MODAMP Low Noise Silicon MMIC Amplifier ............ —— ————— — à 8-136 
MODAMP Low Noise Silicon MMIC Amplifier ................... eerte tenentes ..8-138 
MODAMP Low Noise Silicon MMIC Amplifier ................................. ————— ӨТІ) 
MODAMP Low Noise Silicon MMIC Amplifier .......... чении ими eene 8-142 
MODAMP Low Noise Silicon MMIC Amplifier .................. eem 8-144 
MODAMP Low Noise Silicon MMIC Amplifier ..................... tenerent 8-146 
MODAMP Low Noise Silicon MMIC Amplifier ..................... eene 8-148 
MODAMP Low Noise Silicon MMIC Amplifier .................... ener 8-150 


* Standard Hi-Rel version available, consult your local HP sales representative. ** Hi-Rel version available in package 35 only. 


xiil 





MODEL NO. 


MSA-0785 
MSA-0786 
MSA-0800* 
MSA-0835* 
MSA-0870* 


MSA-0885 
MSA-0886 
MSA-0900* 
MSA-0910* 
MSA-0986 


MSA-1000* 
MSA-1023 
MSA-1100* 
MSA-1104 
MSA-1105 


MSA-1110* 
MSA-1120 
MSA-2011 
MSA-2111 
MSA-3111 


MSA-9970 
MSF-86 Series 
MSF-88 Series 
10514A 
10514B 


10514C 
10534A 
10534B 
10534C 
1N5711 


1N5712 
1N5719 
1N5767 
33002A 
33002B 


33003A 
33003B 
33004A 
33004B 
33005C 


33005D 
33016C 
33102A 
33104A 
33132A 


33134A 
33142A 
33144A 
33150А 
33190B 


33602A 
33604A 
33632А 
33634А 
33642А 


* Standard Hi-Rel version available, consult your local HP sales representative. 


| GENERIC 
DESCRIPTION CHIP 


MODAMP Low Noise Silicon MMIC Amplifier ...................................................... 
MODAMP Low Noise Silicon MMIC Amplifier ...................................................... 
MODAMP Low Noise Silicon MMIC Amplifier ...................................................... 
MODAMP Low Noise Silicon MMIC Amplifier ...................................................... 
MODAMP Low Noise Silicon MMIC Amplifier ..................................................... 


MODAMP Low Noise Silicon MMIC Amplifier ..................................................... 
MODAMP Low Noise Silicon MMIC Amplifier —————— A" 
MODAMP High Frequency Silicon MMIC Amplifier ....2Г2Д2Г2.....2.242442127. 
MODAMP High Frequency Silicon MMIC PTD Ner еее QU КК Алаас 
MODAMP High Frequency Silicon MMIC Арі Пер. каана» ына е 


MODAMP Medium Power Silicon MMIC Amplifier............................................... 
MODAMP Medium Power Silicon MMIC Amplifier ................... — M 
MODAMP High Dynamic Range Silicon MMIC АРБ Е ына адын ы 
МОПАМР High Dynamic Range Silicon ММІС Amplifier ................................... 
MODAMP High Dynamic Range Silicon MMIC Amplifier .................................... 


MODAMP High Dynamic Range Silicon MMIC Amplifier ee 
MODAMP High Dynamic Range Silicon MMIC Amplifier .................................... 
MODAMP General Purpose Silicon MMIC AM PIO aaa ое. 
MODAMP General Purpose Silicon MMIC Amplifier............................... D 
MODAMP General Purpose Silicon MMIC Amplifier eM 


MODAMP Open Loop Feedback Amplifier 20222 ГГ м. 
Silicon MMIC Frequency Converter ........................................................................ 
Silicon MMIC Frequency Converter ....................................... ————— —PÀ 


Double Balanced Mixer 0.2-500 MHz (obsolete) 
Double Balanced Mixer 0.2-500 MHz (obsolete) 


Double Balanced Mixer 0.2-500 MHz (obsolete) 

Double Balanced Mixer 0.2-500 MHz (obsolete) 

Double Balanced Mixer 0.2-500 MHz (obsolete) 

Double Balanced Mixer 0.2-500 MHz (obsolete) | | | 
HV General Purpose Schottky Diode (5082-2800) ............................... 5082-0024 


General Purpose Schottky Bp A ИРИНУ 5082-0087 
PIN Diode (Similar to 5082-3039) .......... ro иоетЬ 5082-0012 
PIN Diode (Similar to 5082-3080)......................................................... 5082-0025 


SRD Comb Generator Module 250 MHz нанынан ГГ Т i 
. SRD Comb Generator Module 250 MHz .................. РИНЕ ИРУ 
SRD Comb Generator Module 500 МН2....... 


SRD Comb Generator Module 500 МН... 


SRD Comb Generator Module 1000 MEZ ............................................................... 
SPDT General Purpose Microwave Switch 0.1-18 GHz ——— ÁÁ—H—— 
SPST General Purpose Microwave Switch 0.1-18 ЄН>.......................................... 
SPST General Purpose Microwave Switch 0.1-18 GHz I 
SPST Low Loss Microwave Switch 0.1-18 GHz ..................................................... 


SPST Low Loss Microwave Switch 0.1-18 ОН2....................................................... 
SPST Fast Microwave Switch 0.1-18 GHz ............................................................. 
SPST Fast Microwave Switch 0.1-18 GHz .................................................. —' 
Microwave Bias Network 0.1-18 GHz ................ ———————— AR TUN 


General Purpose Microwave SPST Switch, DC-18 GHz (obsolete) 
General Purpose Microwave SPST Switch, DC-18 GHz (obsolete) 
Low Loss Microwave SPST Switch, DC-18 GHz (obsolete) 

Low Loss Microwave SPST Switch, DC-18 GHz (obsolete) 

Fast Microwave SPST Switch, DC-18 GHz (obsolete) 


XIV 


PAGE 
NO. 


Kant 8-152 
аа 8-154 
а 8-156 
....................8-158 
MM 8-160 


ТРЕЯ 8-162 
m 8-164 
(—— Á— á 8-166 
RR 8-169 
ES 8-171 


RN 8-176 
—Á—á 8-178 


—— 82181 
PU 8-183 


ЕНБЕК 8-197 


—— 8-205 


t 3-64 
TR EUR 3-64 


ае 4-37 


—À 11-4 


.** Hi-Rel version available in package 35 only. 


MODEL NO. 


33644A 


5082-0001* 


5082-0008 
5082-0009 


5082-0012* 
5082-0013. 


5082-0015 
5082-0017 
5082-0018 
5082-0020 


5082-0021 
5082-0023 
5082-0024 
5082-0025 
5082-0029 


5082-0030* 


5082-0032 
5082-0034 


5082-0039. 


5082-0041 


5082-0047. 


5082-0057 
5082-0087 
5082-0090 
5082-0097 


5082-0112 
5082-0113 
5082-0114 
5082-0132 
5082-0151 


5082-0153 


5082-0180* 


5082-0241 
5082-0253 
5082-0300 


5082-0310 


5082-0320* 


5082-0335 
5082-0800 
5082-0803 


5082-0805 
5082-0810 
5082-0815 
5082-0820 
5082-0821 


5082-0825 
5082-0830 
5082-0833 
5082-0835 


5082-0840 . 


5082-0885 
5082-1001 
5082-1002 
5082-1006 
5082-2080 


* Standard Hi-Rel version available, consult your local HP sales representative. 


DESCRIPTION | | 

~ Fast Microwave SPST Switch, DC-18 GHz (obsolete) 
High Speed Switch PIN Chip................. eterne enne tenen nnne еменнен ннен не е nnne 
Step Recovery Diode Chip ........................ eere ————— ТТЕ 
X-Band Schottky Detector Chip.................................................. ЖЕКЕ ТЕНТЕК ТЕКТІ 
PIN Switching Diode Chip .......................................... l... l... J.J... ннен етене ннен нен т. 


Low Ур Mixer/Zero Bias Detector Schottky Chip ————r—— — Ó 


Step Recovery Diode Chip О ООО C СУ 


Step Recovery Diode Chip ...................... eene J.J. entente ннен ннен ен нн нн. 
Step Recovery Diode Chip BM 
Step Recovery Diode Chip ..............210.14|(|(.13.0- 1... 6 ке ее е нн ен е. ы таныт тата аны 


Step Recovery Diode Chip (obsolete) | 

X-Band Schottky Mixer Chip .................... — —À ——————— ee 
High Voltage Switching Schottky Chip (Replaced by HSMS-0001) — | 

АСС PIN Chip (Replaced by HPND-0001) i | 

Ku Band Schottky Mixer Chip (obsolete) 


PIN Switching Diode Chip .......................... 2... аша аң тӘ нн нн ннен нен енен нн. ———— Á 
Step Recovery Diode Chip "-——————————— nm 

VHF/UHF Switching PIN Chip (Replaced by HPND-0003) | 

AGC PIN Chip (Replaced by HPND-0002) 

X-Band Schottky Mixer Chip (obsolete) 


PIN Switching Diode Chip ...................1.(..а а сə eren t "—— Án 
General Purpose Schottky Diode Chip (Replaced by HSMS-0002) 

General Purpose Schottky Chip (Replaced by HSMS-0001) 

Step Recovery Diode Chip (obsolete) | z 
General Purpose Schottky Chip................................. à ———— T 


Step Recovery Diode лм. алары. 5082-0015 .................... 
Step Recovery Diode ................. ааа ры ——— ИН 
Step Recovery Diode............................................................ РЕТТЕН —— ——— 
Step Recovery Diode ................. eene eene entente нен ннен .5082-0015 .................... 
Step Recovery Diode .................................... u... ..5082-0018 .................... 


Step Recovery Diode .............................................. некен енен ннен. 5082-0018 .................... 
Step Recovery Diode ........... ——————— наарын 5082-0032 .................... 
Step Recovery Diode (obsolete) | | | 5082-0032 

Step Recovery Diode ————— M 5082-0018 .................... 
Step Recovery Diode Е PIDE 7 


Step Recovery Diode (obsolete) 5082-0021 

Step Recovery Diode .................... ии б u кн nennen 5082-0020 .................... 
Step Recovery Diode .........мма ааа ааа нн ннен нн ннен. 
Step Recovery Diode...................................... —Ó — —— — АТА 
Step Recovery Diode (obsolete) | | | Е 


Step Recovery Diode (obsolete) 
Step Recovery Diode (obsolete) 
Step Recovery Diode (obsolete) 
Step Recovery Diode (obsolete) 
Step Recovery Diode (obsolete) _ 5082-0090 


Step Recovery Diode (obsolete) 5082-0090 

Step Recovery Diode .................... дара өл не енен нн. ——nÓ .5082-0020 .................... 
Step Recovery Diode BMW A VAPA .................... 
Step Recovery Diode ................... eee nen КОКОСУ 5082-0008 .................... 
Step Recovery Diode .................әәәәееееееееееееееееееев ее бегі 5082-0008 .................... 


Step Recovery Diode ...................... eene nennen ОЕР 5082-0008 .................... 
High Conductance Diode (1N4456) ................ eene "—— € 
High Conductance Diode NNNM 
High Conductance Diode ........ләаым.0 а ае еее енен ннен өте нен. 


5082-0090 


"Batch Matched 5082-2835 Schottky....................... Ша ГГ... 


XV 


4-10 


3-12 


5-6 ` 
5-6 


5-9 
3-70 
8-70: 
3.70 
3.64 


** Hi-Rel version available in package 35 only. 





GENERIC PAGE 


MODEL NO. DESCRIPTION CHIP | NO. 
5082-2200* Hermetic Stripline Schottky Diode .........22222222.......... HSCH-5316 ................. 3-74 
5082-2201 Batch Matched 5082-2200 ................................................... аа HSCH-5317 ................. 3-74 
5082-2202 Hermetic Stripline Schottky Diode ...................................... TN HSCH-5316 ................. 3-74 
5082-2203 Batch Matched 5082-2202 ....................................... шаманы MAD CELSO ТЫ uu uu uu. a 3-74 
5082-2207 ` Stripline Schottky Diode....................................................... ——— S HSCH-5316 ................. 3-74 
5082-2208 Batch Matched 5082-2207 ................ „ии, HSCH-5317 .................3-74 
5082-2209 Stripline Schottky Diode............................................ J... J... Ja. ai. HSCH-5316................ ..8-74 
5082-2210 Batch Matched 5082-2209 .........22....2ГЛ.........7242. HSCH-5317 ........... ......3-74 
5082-2231 Low Vy Hermetic Stripline Schottky Quad Ris сабаны eH оо M IPM E MR EEUU 13-80 
5082-2233 Low Ук Hermetic Stripline Schottky ©паа........................................... HSCH-5836 ................. 3-80 
5082-2263 Hermetic Stripline Schottky Ring Өпад.............................................. HSCH-5816 ................. 3-80 
5082-2271 Low Ур Stripline Schottky Diode Quad ..................... eet —— M 13-80 
5082-22'72 Low Ур Stripline Schottky Diode биай. ..ә1әәəо Ші ТЕРГЕ 18-80 
5082-2273 Ku Band Schottky Mixer Diode (obsolete) 5082-002 

5082-2274 Matched Pair of 5082-2273 (obsolete) _ 5082-0029 

5082-2277 C-Band Stripline Schottky Ring Quad 0888833 ЗЫ 13-80 
5082-2279 Low Ук Broadband Stripline Schottky Quad .................. a... HSCH-5832 ................. 3-80 
5082-2280 Low Үр Broadband Stripline Schottky ©пад........................................ HSCH-5830 ................. 3-80 
5082-2291 Stripline Schottky Ring бәй. Т Ә в е ы 13-80 
5082-2292 Stripline Schottky Ring ға ....За  ЛЛИИИЯЯХП"Қ Қ 6 13-80 
5082-2294 Stripline Schottky Ring Quad ......................... J... 2. HSCH-5810 .................3-80. 
5082-2295 X-Band Low Үр Schottky Diode (obsolete) 5082-0013 . 
5082-2296 Matched Pair of 5082-2295 (obsolete) 5082-0013 

5082-2297 X-Band Low Ур Schottky Diode (obsolete 5082-0013 

5082-2298 Matched Pair of 5082-2297 (obsolete) 5082-0013 

5082-2301 Schottky Barrier Diode ....................... Е о они 3-64 
5082-2302 Schottky Barrier Diode ОНИ: Y E 
5082-2303 Schottky Barrier Diode JJ — RR 3-64 
5082-2306 Matched Pair of 5082-2301 ......................... PE 3-64 
5082-2308 Matched Pair of 5082-23808 .......................................................... ——M—Á—— ГО Т 3-64 
5082-2350 Schottky Barrier Diode пы 3-84 
5082-2351 Matched Pair of 5082-2350 ы ..... 9-84 
5082-2356 Matched Encapsulated Bridge ©паа........................................................ ——— E .9-64 
5082-2370 Matched Quad of 5082-2303 Опсоппесёей................................... S ET 
5082-2396 Matched Encapsulated Ring бай. ы .3-64 
5082-2400 Schottky Barrier Diode ................................... II a II TL. —— € 3-84. 
0082-2401 Matched Pair of 5082-2400 ............................................................... УКОЛ ГГ Г? 3-84 
5082-2520 Schottky Barrier Diode (obsolete) 2 

0082-2521 Matched Pair of 5082-2520 (obsolete) 

5082-2565 Schottky Barrier Diode (obsolete) 

5082-2566 Matched Pair of 5082-2565 (obsolete) | | 
5082-2701 X-Band Schottky Mixer Diode (obsolete) | 5082-0023 M" 
5082-2702 X-Band Schottky Mixer Diode ............................................................ ...0082-0023 ............. ....... 3-84 
5082-2706 Matched Pair of 5082-2701 (obsolete) 5082-0023 » 
5082-2707 Matched Pair оҒ5082-2702..2.2..220.0........2..44,4 ........5082-0023 ....................3-84 
5082-2711 X-Band Schotky Mixer Diode (obsolete) . 5082-0023 

5082-2712 Matched Pair of 5082-2711 (obsolete) 5082-0023 

5082-2713 X-Band Schottky Mixer Diode (obsolete) 5082-0023. 

5082-2714 Matched Pair of 5082-2713 (obsolete) | 5082-0023 | 
5082-2723* Ku Band Schottky Mixer Р1оде............................................................. 5082-0029 ....................3-84 
5082-2724 Matched Pair оҒ5082-2723.......4а40ғ4 5082-0029 .................... 3-84 
5082-2750 Schottky Detector Diode ..................... ИК К КУТ ЛГ ТТ 5082-0009 .................... 3-90 
5082-2751 Schottky Detector Diode .................. “К КУ К КККК ГГ ТЕ 5082-0009 .................... 3-90 
5082-2755 Schottky Detector Diode .............................. а.а... Бай ааа л Ны ааыа 3-90 
5082-2765 Low Үр Hermetic Stripline Schottky ....................................................HSCH-5336....... 3-74 


* Standard Hi-Rel version available, consult your local HP sales representative. ** Hi-Rel version available in package. 
TConsult your local HP sales representative. | | | - Ji E 


XVI 


MODEL NO. 


5082-2766 
5082-2774 
5082-2775 
5082-2785 
5082-2786 


5082-2787 
5082-2794 
5082-2795 
5082-2800 
5082-2804 


5082-2805 
5082-2810 
5082-2811 
5082-2813 
5082-2814 


5082-2815 
5082-2817 
5082-2818 
5082-2824 
5082-2826* 


5082-2830 
5082-2831 
5082-2835* 
5082-2836 
5082-2837 


5082-2900 
5082-2912 
5082-2970 
5082-2997 
5082-3001* 


5082-3002* 
5082-3039 
5082-3040 
5082-3041 
5082-3042* 


5082-3043 
5082-3071 
5082-3077 
5082-3080* 
5082-3081* 


5082-3101 
5082-3102 
5082-3140 
5082-3141* 
5082-3168* 


5082-3170* 
5082-3188* 
5082-3201 
5082-3202* 
5082-3303 
5082-3304 
5082-3305* 
5082-3306 
5082-3340 
5082-3379 
5082-3900 
5082-9891 


GENERIC PAGE 


DESCRIPTION CHIP NO. 
Batch Matched 5082-2765 ..................................................................... HSCH-5337 ................. 3-74 
Low Ук Stripline Schottky Diode ......................... они моно е е. HSCH-5336 ................. 3-74 
Batch Matched 5082-2774 ..................................................................... HSCH-5337 ................. 3-74 
Low Үр Hermetic Stripline Schottky .................................................... Н$СН-5336 ................. 3-74 
Batch Matched 5082-2786 ..................................................................... HSCH-5337 3-74 
Schottky Detector Diode Да -аааае-ечееенеы.еее нк тен tnnt nnne 
Low Vp Stripline Schottky Diode 

Batch Matched Pair of 5082-2794 ......................................................... HSCH-5337 ................. 3-74 
HV General Purpose Schottky Barrier Diode (1N5711) ...................... 5082-0024 .................... 3-64 
Matched Pair of 5082-2800 Unconnected ............................................. 5082-0024 ..................-. 3-64 
Matched Quad 5082-2800 Unconnected ............................................... 5082-0024 .................... 3-64 
General Purpose Schottky Diode .............................. en 5082-0087 .................... 3-64 
General Purpose Schottky Diode........................................................... 5082-0097 .................... 3-64 
Matched Bridge Quad 5082-2811 Encapsulated .................................. 5082-0097 .................... 3-64 
Matched Ring Quad 5082-2811 Encapsulated ..................................... 5082-0097 .................... 3-64 
Matched Quad 5082-2811 Unconnected ............................................... 5082-0097 .................... 3-64 
Schottky Barrier Diode .......................................................................... 5082-0097 .................... 3-84 
Matched Pair of 5082-2817 .................................................................... 5082-0097 .................... 3-84 
Schottky Barrier Diode .......................................................................... 5082-0097 .................... 3-90 
Batch Matched Diode 5082-2811........................................................... 5082-0097 .................... 3-64 
Monolithic Matched Schottky Diode Ring Quad......................................................................... 13-80 
Low Ук Monolithic Matched Schottky Quad ...................... eene 13-80 
Low Offset Schottky Diode............................................................................... ннн 3-64 
Batch Matched Diode 5082-2800............................................................ 5082-0024 .................... 3-64 
Schottky Diode Beam Lead ....................... nennen nennen enne nennen ене. 3-24 
Schottky Barrier Diode ...................... а.ш озоном u нен енен ене ене ет 3-64 
Matched Pair of 5082-2900 Unconnected .................................................................................... 3-64 
Matched Quad 5082-2900 Unconnected .......................................... l... нен ннен нн ннен 3-64 
Matched Bridge Quad 5082-2900 Encapsulated ........................... eren 3-64 
RE PIN Diode ......................................................................................... 5082-0012 .................... 4-37 
RE PIN Diode ......................................................................................... 5082-0012 .................... 4-37 
RF PIN Diode ......................................................................................... 5082-0012 .................... 4-37 
Stripline PIN Diode .......................... eere eene entente enne 5082-0012 .................... 4-44 
Stripline PIN Diode............................................................................... 5082-0001 .................... 4-44 
RF PIN Diode ......................................................................................... 5082-0001 .................... 4-37 
RE PIN Diode ......................................................................................... 5082-0001 .................... 4-37 
Microwave Limiter PIN Diode............................................................... 5082-0001 .................... 4-42 
VHF/UHF PIN Switching Diode ........................................................... 5082-0012 .................... 4-37 
HE/VHF/UHV Current Controlled Resistor (1N5767) ......................... 5082-0025 .................... 4-37 
HF/VHF/UHF Current Controlled Resistor ......................................... 5082-0039 .................... 4-37 
RF PIN Diode ......................................................................................... 5082-0012 .................... 4-49 
RF PIN Diode ......................................................................................... 5082-0012 .................... 4-49 
Hermetic Stripline PIN Diode ............................................................... 5082-0012 .................... 4-52 
Hermetic Stripline PIN Diode ............................................................... 5082-0001 .................... 4-52 
VHF/UHF Switching PIN Diode ........................................................... 5082-0034 .................... 4-37 
Hermetic Stripline PIN Diode ............................................................... 5082-0030 .................... 4-52 
VHF/UHF Switching PIN Diode ........................................................... 5082-0034 .................... 4-37 
RF PIN Diode ......................................................................................... 5082-0012 .................... 4-49 
RF PIN Diode ......................................................................................... 5082-0012 .................... 4-49 
RF PIN Diode ......................................................................................... 5082-0030 .................... 4-49 
RF PIN Diode ......................................................................................... 5082-0001 .................... 4-49 
High Speed Switch PIN Diode ......................... ene 5082-0001 .................... 4-57 
High Speed Switch PIN Diode ............/.4.0.020.0.1 een 5082-0001 .................... 4-57 
Stripline PIN ПЛое........... иене eene 5082-0030 .................... 4-44 
VHF/UHF Attenuator PIN Diode.......................................................... 5082-0025 .................... 4-37 
PIN Diode Beam Lead................................................................................................................... 4-22 


X-Band Schottky Detector Chip (obsolete) 


* Standard Hi-Rel version available, consult your local HP sales representative. 4% Hi-Rel version available in package. 
tConsult your local HP sales representative. 
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Quality Assurance Concepts | 
and Methodology 


Reliability/Quality 
Philosophy 


. Recognizing the i increasing | 
importance of microwave 
component reliability for the 
consumer, industrial, and 
military markets, the Com- - 
munications Components 
Division (CMCD) of Hewlett- 
Packard has committed itself to 
achieve error free performance 
at all levels of manufacturing 
and to deliver the highest level 
of product quality and reliability 
performance. Three basic 
ingredients are integrated into 
the manufacture of reliable 
microwave components: 


° The device must be designed 
with a technical understand- 
ing of the user's applications 
and quality requirements. 

* The device must be manufac- 
tured with the optimum state- 


of-the-art technology for the ú 


application. 


in the manufacture of the 
device. 


As a major manufacturer of 
microwave products, CMCD 
produces a broad family of many 
devices. Since it is not practical, 
technically necessary, nor cost 
effective to qualify each of these 


| military standards for micro- ` 


; following definitions: 


el EUM 
- 


| operations. 








products via life and environ- : Е | К 
mental testing, the logical . 


approach has been to differen... 


. tiate as sembly/package. related. 
failure mechanisms from: failure | | 


modes associated with the wafer ` knowledge of reliability per- 


, > formance, whereby the resulting ы * 
process" and. "package product” ` it information i 18 used to predict. ` ` 
long-term device reliability for 0 


^ the intended | application. . ыы 
& | E In- rocess Control and 


fabrication process. This “фе | 


‘approach to reliability has been. u 


a consideration i in the new ` 


.- EL 


° Die Process Family c coniiste í 
of devices which have identical: : 
wafer processing. This prem- 

_ ise recognizes that component. Ж 


geometry and layout of а 


on reliability because estab- 
lished design rules apply to all 


' . products fabricated by the | 
z same process. | 


е Package/Assembly Family 
* Controls must be established Ж 


are those of like construction 
. andare assembled with 


p identical materials, manufac- 


turing controls and | 


Component reliability uid. | ü 


tion can therefore be achieved 
with a high confidence level 
from environmental and life 


š testing data derived from E 
.. various product families. Accel- E 
erated stress testing techniques, d 


are.continuously employed to. 


." obtain definitive working | 


Reliability Testing. 


| E + The reliability performance of - | 
`. microwave components canbe | 
affected by numerous operations 
associated with device. manu- | 


— among these being: . 


Неде : 
product will have little impact - Wafer abrication process/ 


_ technology 
* Device design and layout | E 
* Packaging design и 
ө Тһе manufacturing processes 
— Wafer fabrication 
— Package materials 
— Assembly materials and 
procedures | - 


° In-process controls | 

° Final electrical test 

^ `- procedures ` ` 

-. е Quality Assurance inspection 
. procedures _ | 
е Post-assembly reliability | 


screening 


One of the most important | 
aspects of insuring quality апа 
reliability is through adequate 
in-process controls of these 

_ operations. Wafer fabrication 
controls provide the assembly 






Wafer Fabrication 


Capacitance vs. Voltage plots 


Furnace tube cleaning 
Deionized water checks 
Metal thickness monitor 
Metal SEM monitor 


Life and Environmental 
Stress Tests 

To ensure the highest product 
reliability commensurate with 
the intended use of the device, 
numerous life and environ- 
mental tests have been designed 
to assess device performance. 
The majority of these tests are 
designed to simulate more 
extreme operating conditions 
than would actually be . 
encountered in most practical 
applications. This ensures the 
reliability performance of the 
device relative to its intended 
application. Typical device 
testing at CMCD generally 
comprises the following 
environmental and life tests: 


Life Tests 

High Temperature Reverse Bias 
(HTRB) 

Operating Life 

High Temperature Operating 
Life (HTOL) 

High Temperature Storage 
(HTS) 


Inspection of starting : material 
Plating bath in-process monitor 
Silox phosphorus content monitor 


operation with a high quality 
and reliable chip, while the 
process controls associated with 
the assembly operation assure 
the optimum in package 


Quality Assurance Process Controls 


Assembly 


Particle count, room and hood ambient Die visual 
Temperature/Humidity control 


Die shear test 
Wire bond pull 


Incoming package evaluation 


Pre-seal visual 
Hermeticity 
Electrical test 


Molding compound evaluation 


Environmental Tests 
Moisture Resistance 
Hermeticity 
Solderability 
Mechanical Shock 
Thermal Shock 

Lead Fatigue 
Temperature Cycling 
Vibration Variable Frequency 
Vibration Fatigue | 
Autoclave 

Constant Acceleration 
Terminal Strength 
Salt Atmosphere 
Marking Permanency | 


Specific methods and conditions 
of these tests are in compliance 
with MIL-STD-202, MIL-STD- 
750, and MIL-STD-883 test 


specifications, depending upon 


the nature of the device being 
tested and its functional classi- 
fication. For more information 
on these testing programs 
please refer to the High 
Reliability section of this 
catalog. 
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integrity. The main areas of 
Quality Assurance process 
controls may be summarized 


according to the fabrication and 


assembly operations: 














Reliability Assessment 
and Prediction 
Numerous concepts and mathe- 
matical models have been 
proposed to assess the 
reliability performance of 
semiconductor components. Of 
these, essentially three funda- 
mental parameters are widely 
used in the industry for 
reliability assessment and 
prediction of failure rate: 


° The failure rate equation, À 
* The probability of survival, Pg 
e The activation energy, E, 


The Failure Rate is related to 
the population of units failed 
ur der life testing and the 
duration of the test as: 








where | 
À = assessed failure rate 
Ny = quantity of failures 
occurring in a time 
intervalt . es 
№ = quantity of acceptable 
devices at zero hours 
t = time interval or duration 
of test 


Generally it is more meaningful 
to discuss failure rates in terms 
of the Mean Time To Failures or 
MTTF, which is the reciprocal of 
the failure rate and expressed 


as MTTF= 1/A. It is important to 


recognize that both À and MTTF 
are statistical averages and 
apply only to the useful life of 
the product. 


The Probability of Survival is 
the likelihood that a particular 
device will survive for a given 
period of operating time and 
may be expressed as: 


where 
t = operating time of the device 
À = failure rate = УМТТЕ 


The third mathematical rela- 
tionship of importance to 
reliability is expressed in a form 
of the Arrhenius Equation 
which relates the rate of a 
thermally accelerated process to 
temperature as: 


À = А exp CE,/kT) 
or- Ind = -E /kT + In A 


where | 
E, = Activation Energy 
k - Boltzmann's Constant 
(8.62 x 10-5 eV/°K) 
T = Temperature in Kelvin (К) 


À = Failure Rate at 
Temperature T 
A = Constant 


A plot of Ind versus ИТ will _ 
yield a straight line as 
illustrated: 


inà 





The activation energy E, can 
therefore be determined by 


E, = -k * (slope) 


For products which are 
extremely reliable, the failure 
rates are too low to be measured 
within a reasonable test dura- 
tion. In that case, the failure 
rate can be determined by — 
stressing parts at an elevated 
temperature and extrapolating 
along the straight line, on the 
plot illustrated above, to the 
temperature of interest. The 
temperature of interest can be 
the junction temperature, the 
ambient temperature, the case 
temperature, or whichever 
conditions the user is most 
concerned about. In practice, a 
simplified equation, with a 
known E,, can be used for the 
prediction of failure rates at 
different temperatures, or for 
the determination of an acceler- 
ation factor, by changing the 
stress temperature from T1 to 
T2 expressed as: 


„М E (24-73) 
м к \T1*T2 
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Reliability Monitor 
Program 

The reliability monitor program 
is administered and executed by 
the Quality Assurance Depart- 
ment. The intent of this = 
program is: 


7 To provide a periodic* 


evaluation of our product | 
reliability on an on-going 
basis. . 


_® To maintain a pulse on the ` 


fabrication and assembly 
processes. 

* To identify, via long-term 
stress testing, the limitations 
of our products and thereby 
provide future direction for 
engineering design, develop- 
ment, and manufacturing 
improvements. | 


. Fabrication and assembly 


variables were considered in the 
construction of the matrix to- 
assure that these products 
would best represent all product 


families and their associated 


processes with meaningful 
volumes. 


In addition to the following 
listed products, all new products 
must pass ап extensive | 
reliability test program prior to 
introduction. This ensures that 
the tradition of high quality is 
upheld in all new devices. 


*Periodic is defined as somewhere 
between 2 and 4 months, depending 
upon current production volumes. New 
products will be added to the matrix 
once volume production is established. 


Reliability Monitor Device Matrix 


Fab Process Package Process Devicell 


Lifted Y Gate Hermetic ATF 1XX7 


PHEMT | Hermetic _ ATF3XX70 | 
Plastic B IAM 81008 | 
SAT Hermetic _ ATF 4XX70 © 
ын Plastic ATF 4XX85 | 
Diodes 
Schottky 

























or MSA XX86 








5082-2800 
5082-2810 
5802-2835 


Plastic | HSMP-28XX 
| HSMS-81XX |. 


| Beam Lead Hermetic 5082-2202 
Non-Hermetic 5082-2831 
PIN Glass 5082-3080 
| 5082-2839 

Plastic HSMP-38XX 


Ceramic Hermetic 5082-3306 
Beam Lead Hermetic HPND-4005 


High ` Glass 5082-1001 
Conductance | 
Step Recovery | Glass 5082-0180 


Notes: 
1. Alternate devices from same fab process and/or package process may also be used. 















Reliability Monitor Package Matrix 


111 Units 


52 units 22 units 22 units | 15 units 
Environmental/ | | Lead Solderability Marking 
Mechanical* | Integrity Permanency 


Hermetic Package: 
Hermeticity — Thermal Shock — Mechanical Shock — Hermeticity (sequential) 


Plastic Package: 
Thermal Shock (or Temp. Cycling) — Autoclave (sequential) 
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Reliability Monitor Testing 


Operating Life (O.L.) 1000 hrs. Q Max. Rated Power 


High Temperature 1000 hrs. @ Vp = 80% Увр, and 
Reverse Bias (HTRB)!) 


Max. Rated Temperature 


200 Cycle @ Мт./Мах. Storage 
Temperatures ú Е 

1500 Св Ү,, Y2, X, 0.5 msec Pulse 

121°C, 15 PSIG, 100% RH, 96-hrs. 


Solderability 16-hrs. Steam Aging, 245°C, 


osecDwell = 
Marking Permanency Resistance to 3 Solvent Groups 
Torque Test* Glass-Frit Packages Only x 









































Lead Integrity Package Dependent 


*Hermetic Packages Only. 





Note: | 
1. Applicable only to discrete diodes and transistors. 
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High Reliability 


Complete detail of HP/CMCD's 8 
High Reliability capabilities can 
be found in a separate catalog . 
entitled, “High Reliability 
Handbook." Please contact your 
local Hewlett-Packard sales 
office to obtain a copy. The 
information that follows is a 
brief overview of HP/CMCD's 
capabilities. 


The purpose of Hi-Rel testing is 
to demonstrate the ability of a 
device to meet electrical | 
performance requirements over 
a specified lifetime, to a desig- 
nated confidence level. This is 
especially critical in military 
and aerospace applications 
where the consequences ofa — 
device operating improperly 
could be i asa laa 


For over 20 years, the Commu- 
nications Components Division 
(CMCD) of Hewlett-Packard has 
been extensively involved in 
providing High Reliability (Hi- 
Rel) tested devices for military 
and aerospace oriented pro- 
grams. The inherent reliability 
and proven performance of our 
products has provided a vehicle 
with which we have built a 
strong reputation as the vendor 
of choice in meeting military . 
and space program require- 


ments. HP/CMCD devices are 
currently qualified for use on 
the following programs: 


AMRAAM 

CARA 

DSCS III 

FLEET SATCOM 
GPS 


SHUTTLE 
STANDARD MISSILE 
STINGER 

TDRSS 

TORNADO 

TRIDENT 


Hi-Rel Testing . 

There are numerous Hi-Rel 
testing specifications used to 
specify the test programs, 
methods, and conditions for 
semiconductors. MIL-S-19500 
and MIL-STD-750 are the two 
most frequently used for 
discrete devices. MIL-S-19500 is 


ГД] раскано 








the general specification and 
defines test sequences to 
achieve different levels of | 
reliability. MIL-STD-750 
defines the actual test methods, 
conditions, and pass/fail criteria 
as required by MIL-S-19500. 
For microelectronic/microcircuit 
devices, including monolithics | 
and multichip/hybrid devices, 
MIL-M-38510.and MIL-STD- 
883 are the two most frequently 
used military standards. MIL- ` 
M-38510 is the general specifi- 
cation, while MIL-STD-883 
defines the actual test methods, 
conditions, and pass/fail criteria 
as required by MIL-M-38510. 


Since a specific test may be 
performed for a variety of 
reasons, the most frequently 
performed categories of testing 
are described below, 


A. Quality Conformance 
Testing 

The most common type ОЁ. 
testing of semiconductors is 
quality conformance testing. 
This testing is performed on a 
sample of the lot to determine 
that the devices in the lot meet 
electrical and mechanical 
requirements. In MIL type 
specifications the essential 
electrical requirements (Group 





А tests) are supplemented by 
various environmental tests 
(Group B, C, and D tests) with 
smaller sample sizes. These 
Group B and C and D tests 
measure the capability of the 
device to operate satisfactorily 
after exposure to environmental 
stresses such as mechanical 
shock, vibration, etc. 


B. Qualification Testing 

This type of testing is used to 
determine that the manufac- 
turer of a device can supply 
devices that meet the full 
electrical and environmental 
capability requirements of the 
customer's specification. In MIL 
type specifications this testing 
is required before a device 
manufacturer is placed on a 
Qualified Products List (QPL). 
Periodic requalification may be 
required after interruptions in 
production or after specified | 
time intervals. The actual tests 
performed are the same Group 
A, B, C, and D tests mentioned | 
above in Quality Conformance | 
Testing. However, the sample 
sizes are usually larger in 
qualification testing and some 
additional tests, not normally 
performed as part of Quality 
Conformance Testing, may be 
required. 


C. Screening 

The third basic type of testing is 
variously called screening, 
preconditioning, or reliability 
testing. Screening is a special 
form of 10046 testing whose 
purpose is to eliminate marginal 
devices that might resultin ` 
field failures. The assumptions 
behind screening tests are two- 
fold. The first assumption is 
that under normal operating | 
conditions, there are a greater 
number of failures in the first 


few hours of operation as 
compared to the total number of 
failures over a long period of 
operation. 


The second assumption behind 
screening tests is that the 
characteristics of a lot of devices 
will not be uniform. If the lot is 
subjected to an appropriate 
stress level for some screening 
test such as constant accelera- 
tion, a percentage of devices will 
fail. If the same screening test is 
then repeated at the same 
stress level, a much smaller 
percentage of devices will fail 


after the second test. The stress | 


level chosen should represent 
the worst case condition to be 
experienced in the field. How- 
ever, it is more usually chosen 
on the basis of experience with 
device capability. For example, 
it is known that well bonded 
semiconductor devices will 
withstand 20,000 Gs constant 
acceleration. Therefore, any 
device that fails this stress is 
not suitable for critical use. 


The screening tests to be used 
for a particular device depend 
on its design and construction, 
the type of application and 
environmental conditions and 
the criticality of the device to 
mission success. For example, 
the screening tests used for à 
device intended for a non- 
redundant circuit in a long 
operating life unmanned space 
vehicle will be much more 
extensive than the screening 
tests used for a device intended 
for field replacement in ground 
based equipment. 


HP/CMCD Hi-Rel | 
Product Offerings 

The Communications Compo- 
nents Division (CMCD) of 
Hewlett-Packard offers three 


_ types of Hi-Rel products: 
. Standard Hi-Rel, which includes 


Standards with Adders; JAN 
qualified products; Specials; and 
Customs. 


Standard Hi-Rel Products 
Since the advantages of 
products tested to established 
reliability standards can be of 
significant value to customers 
requiring reliable devices, HP/ 
CMCD offers a number of 
products that have been tested 
to the same screening level as 
JANTXV devices. These 
standard Hi-Rel programs are | 
patterned after the require- 
ments of MIL-S-19500 or MIL- 
М-38510, as applicable, and _ 
offer the following benefits: | 


1. Eliminate the costly | 
requirement of the buyer's 
company to generate source 
control drawings. | 


2. Offer improved delivery. 


3. Provide assistance to those ` 
customers required to 
generate procurement 
specifications. | 


The specific Hi-Rel screening 
tests performed on each device 
vary depending on its design 
and construction, complete | 
details of which can be found in 
a separate CMCD High- 
Reliability Handbook. Contact 
your local Hewlett-Packard 
Sales Office to obtain a copy. 


Available Hi-Rel Standard 
devices from HP / CMCD can be 
found in the alphanumeric 
index, at the front of this _ 
catalog. Oo 


JAN Qualified Products 
Since a great number of 
reliability tested devices are 


required for military programs, 
the JAN system was established 
by the U.S. Government to 
provide standardized levels of 
screening at a minimum cost to 
all users. There are three major 
advantages to the JAN type 
products: 


1. First, the specification, and 
thus the reliability level of 


the device, is pre-specified for 


the buyer, thereby . 
eliminating the need for the 
buyer's company to create 
special procurement 
specifications/documentation. 


2. Second, JAN devices can be 
manufactured in large 
quantities which result in | 
subsequent cost reductions. 


3. Third, configuration control is 
administered by the U.S. 
Government. _ 


Three levels of JAN Schottky 
and PIN diodes : are offered 4 
HP/CMCD: 


1. JAN 
Each lot of these devices has 
successfully completed 
Groups А and B testing. 
Group C testing is performed 
each 6 months. 


Available JAN devices from 
HP/CMCD can be found in 
the alphanumeric index at 
the front of this brochure and 
are indicated by the “JAN” 
prefix. 


2. JANTX 
Each lot of these devices has 
successfully completed 100% 
screening tests including 
delta limits. Each lot has also 
successfully completed 


Groups А and B testing. 
Group C testing is performed 
every 6 months. 


Available JANTX devices 
from HP/CMCD can be found 
in the alphanumeric index at 


the front of this brochure and. 


are indicated by the “JANTX” 
prefix. 


3. JANTXV 


Each lot of these devices has | 


successfully completed a 
100% pre-paint internal 
visual inspection and 100% 
screening tests including 


delta limits. Each lot has also 


successfully completed 
Groups A and B testing. 
Group C testing is performed 
every 6 months. | 


Available JANTXV devices | 
from HP/CMCD can be found 
in the alphanumeric index at 
the front of this brochure and 
are indicated by the 
“JANTXV” prefix. 


Standard Hi-Rel Products | 


with Adders 

For many of our customers, our 
standard Hi-Rel device, with its 
inherent reliability and elec- 
trical performance is more than 
satisfactory for the intended 
application. These customers, 
however, may be prevented 
from purchasing these devices 
without first obtaining an HP/ 
CMCD quotation, for several 
reasons: 


1. The requirements of the 
military/aerospace program 
involved call for the 
generation of source control 
drawings. 


2. The customer's procurement 
system calls for the genera- 
tion of specific source control 
drawings. 


3. The specific procurement 
documentation created 
invokes additional screening 
or administrative require- 
ments above those performed 
on our Standard "mum. 
devices. 


To satisfy these customers/ 
applications, HP/CMCD has 
established a family of "Adders" 
to our standard Hi-Rel devices. 
The available “Adders” range 
from Attributes Data to X-Ray 
and can be categorized as either 
added Administrative or added 
Screening requirements. 


The available *Adders" offer: 


1. Improved availability as the | 
customer requested “Adders” | 
are performed on finished 
goods inventory of the 
standard Hi-Rel device. 


2. Greater flexibility in meeting 
the specific needs of the 
customer while still utilizing 
standard Hi-Rel devices. 


3. The customer the ability to 
order HP/CMCD standard 
devices while specifying their 
own drawing/part number (if 
one exists). 


The available “Adders” can be 
ordered in any combination as 
the “Adders” will be performed 
on devices which have already 
completed the standard HP/ 
CMCD Hi-Rel processing. 
NOTE THAT NOT ALL 
*ADDERS" ARE AVAILABLE 
FOR EACH PART ff. 


In the separate CMCD High 
Reliability handbook you will 
find tables detailing which 
“Adders” are available by HP/ 
CMCD part number followed by 





a detailed description of each 
“Adder.” and instructions on 
how to order these “Adders.” 


Hi-Rel Specials 

At HP/CMCD we have a proven 
track record for handling 
customer specials. We recognize 
your special needs and welcome 
the opportunities provided by 


the military/aerospace industry. 


Our Hi-Rel department has 
extensive: knowledge and | 
experience in accommodating 
special testing, imposed quality 
levels, or other extra processing. 
We have a comprehensive 
drawing review procedure and 
emphasis is placed on 
compliance to all requirements 
of the latest revision of MIL- 
STD test methods and 
procedures. If the opportunity 
warrants, and we are able to 
satisfy the customer’s 
requirements, HP/CMCD will 
offer a Hi-Rel Special. 


The most common examples of 
customer requirements which 


would warrant a special include: 


1. Selected electrical per- 
formance characteristics. 


2. Additional screening tests | 
such as extended burn-in, 
which are not standardly 
offered. 


Opportunities such as these will 
be satisfied by utilizing devices 
which have been processed to 


_ the requirements of the generic 


Standard Hi-Rel part and 
upgrading it to the customer 
imposed requirements. 


Hi-Rel Customs 

In some instances, the 
customer’s application and/or 
program requirements may 
require electrical performance 
or screening tests to Бе 
performed that cannot be 
satisfied with either an HP 
Standard or Special device type. 
In these instances, and when 
the CMCD Hi-Rel opportunity 


warrants, satisfaction of the 
customer's needs will be done 
with a Hi-Rel Custom. 


Customer requirements which 
would warrant an HP custom 
include: 


1. Unique packages and/or 
package orientations. 


2. Unique chip/package 
combinations. 


3. Wafer Selection/Qualification. 


4. Unique/Out-of-Sequence 
Screening tests. 


5. Unique burn-in conditions 
and/or delta limits. 


6. S-Level Screening 
requirements. 


7. In-process inspections. 


Opportunities such as these are 
satisfied by building the devices 
to the detailed customer 
specifications/drawing. 
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Design Solutions 


Hewlett-Packard manufactures 
a wide variety of components to 


fit your communications design ` 


needs. From RF and microwave 


The following section contains 
generic block diagrams for 
several applications. Each 


diagram also serves as a selec- 


| These block diagrams represent 
. only a handful of the design | 
solutions HP can provide for . 


you. Please contact your local 


semiconductor discrete devices 
and integrated circuits, to 
subsystem level telecommuni- 
cation components, HP offers | 
design solutions, all built with 
the quality and reliability you 
expect from Hewlett-Packard. 


tion guide for components ° ` field sales engineer for further 
specifically designed or well . information on these or any 
suited for use in that applica- other products manufactured by 
tion. Further information for | Hewlett-Packard. 
the products listed on each page | 
can be found within the product 
sections of this catalog. 
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Personal Communications Systems ... —X-— P] —— 
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Commercial Wireless/Spread-Spectrum Transceivers .......2-13 
Wireless Local Area Networks (LANs) ............ RR 2-14 
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Ku-Band LNB Solutions for 

Direct Broadcast Satellite.................. U 2-18 
C-Band LNB Solutions for Television Receive Only ..........2-20 
RF Solutions for CATV Distribution & Set -— ieas өөөөөөөөө 2-22 


RF Solutions for Global Positioning System —— ANE [ 
Millimeter Wave & RF Solutions for ` 


Collision Avoidance Байағ Д ы 2-26 
Silicon Bipolar IC Solutions for Gigabit Links ЕТА ТУРУОР 2-28 
Silicon Bipolar Solutions for 

High Speed Telecom/Datacom Interface ICs ИИ 2-29 


Modular Solutions for Fiber Channel Link .. 2-91 


Cellular Radio systems. Low current consump- provides a wide range of 900 


Cellular Handsets put many tion is critical for extended talk | MHz cellular solutions, from 
demands on the high frequency time. Integration is needed for diodes and discrete transistors 
semiconductors they use. more compact handsets, while through high frequency Inte- ` 
Battery operation requires — competitive price and surface- grated Circuits. The following 


products capable of operating at mount packaging are musts to block diagrams detail signifi- 
5 to 6 Volts for present systems Meet cost targets in a consumer cant offerings for cellular 
and 3 to 4 Volts for future | market. Hewlett-Packard | handsets. | 


Cellular Telephone Digital Transmitter 





UPCONVERTING SAW 





MIXER FILTER 
: TO POWER 
‚ CHAIN 
‘SYNTHESIZED LO | 
(950 MHz VCO) 





vo — TO PLL 
(NEGATIVE R CELL) GAIN 


Cellular Radio. (cont) 7 


Up Converting Mixers | | | | m MEME Page No. 


IAM-81008 — 5У Gilbert cell mixer..................................... — ME 8590 
ТАМ-82008 E | 10 V Gilbert Cell @ 5 V j———— PHÓ — ИЕ 83 — 
Н$М5-2810 _ o. Schottky diode single —— P —— M 8-55 
HSMS-2812 Schottky diode pair ...................... 11... —— 3-55 00 
HSMS-2817 | Schottky алай... 444, ess 3-55 
Modulators mE 
HPMX 2xxx series Mixer pairs direct and dual conversion | LM | 
Vector modulators ............ енота, 8-7 —8-27 
Gain Stage ICs | | 
INA-03184 _ 22 dB gain, 3.5 V ............ иена 8-66 
MSA-0611 б 5,22 150 5V cR дарынан. 8-134 
GaAs FETs _ 
for gain, VCO negativeR (| | 2 — 
ATF-21186 | 750 um, SMT pkg. КИТ e € —— 7-45 
ATF-13284 250 um, plastic рКг....................................... Е; 


АТЕ-13484 250 um, plastic рКг....................................... univ 1-10 


Si Bipolar Transistors | 
for gain, VCO negative R | | ^. n 
AT-60111 Low current, 3 & 6 V data . Т ЕТ ГГ ио. 6-87 


АТ-60211 Low current, 3 & 6 V data ............. ЕКЕН DT 
AT-00511 General ригрове....................................... —— 6-14 
AT-41411 General purpose 3:34, 6-41 
АТ-41511 General purpose ................................................................ 6-58 
АТ-60585 | General рогрове 0 34, 6-107 
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Cellular Radio (cont) 
Cellular Telephone Analog Transmitter 





UPCONVERTING FILTER _ GAIN 

MIXER | 
SYNTHESIZED LO M ТО РОМЕН CHAIN 
(950MHz УСО) - zu >— aS c 


— 








VCO 
(NEGATIVE R CELL) 
Up Converting Mixers Page No. 
IAM-81008 5 V Gilbert cell mixer....................................................... 8-35 
IAM-82008 | 10 V Gilbert Cell 8 5 V ыиы нарынан нн 8-39 
HSMS-2810 — Schottky diode single ........... ————— ees T 3-55 
HSMS-2812 Schottky diode pair ........................................................... 3-55 
HSMS-2817 Schottky diode quad........................................................... B709 
Gain Stage ICs 
INA-03184 22 dB gain, 3.5 V .........................1.1... о seen nne seen sese etn aas 8-66 
MSA-0611 e 16 dB gain, 5 V анин ————— 8-134 
GaAs FETs 
for gain, VCO negative R | | | 
ATF-21186 750 um, SMT PRG ыы езен еденнен "———— T 1-45 
АТЕ-13284 250 um, plastic pkg ........................................................... 1-26 


АТЕ-13484 | 250 ит, plastic pkg Е "—————— EN Ы! 


Si Bipolar Transistors 
for gain, VCO negative R Е Е р ú 
AT-60111 Low current, 3 & 6 V data ................................................ 6-87 


AT-60211 Low current, 3 & 6 V data ................................................ 6-87 
АТ-00511 22222 General purpose..........:..................................................... 6-14 
АТ-41411 | | General purpose....................;............................................ 6-41 
AT-41511 General purpose................................................................. 6-58 


AT-60585 General purpose .............................................%.шиөұөə өсөн. .. 6-107 





Cellular Radio (cont) 
Cellular Telephone Power Chain 


FILTER 






— um 2104 
FROM TRANSMITTER N/ 
| T/R 
050606060606 ato | | DETECTOR SWITCH 
` | PIN DRIVER/BIAS 
TO RECEIVER 

Pre-Driver Transistors | E Page No. 
AT-42086 | +20 dBm Si BJT ........222.222222.1Л.22.24, ..... 6-81 
ATF -21186 +20 dBm GaAs FET ..... e —— ——— —— ТРА 7-45 | 

MMIC Drivers __ | ЕТУ Ж 
НРМХ-3002 +23 dBm 30 dB gain with power control.......................... 8-30 — | 

Power Modules | | | 
Please contact the factory for recent releases in high power discrete GaAs FET 
and bipolar Transistors, ICs, and Power Modules for Global System for 
Mobile communications (GSM), Japan Digital Cellular (JDC), and 
North American Digital Cellular (NADC) systems. 

T\R Switch | (0 m MED MEE 
HSMP-3890 | Low current PIN diodes ........ €———————— 4-25 
HSMP-3892 Low current PIN diodes .................... eeu. 4-25 
HSMP-3893 Low current PIN дїодез.................................................. .. 4-25 
HSMP-3894 Low current PIN diodes............................. Е И ы 4-25 
HSMP-3810 | Surface mount PIN дїодев................................................ . 4-25 
HSMP-3812 Surface mount PIN 4їодев.............................................. .. 4-25 
HSMP-3813 | Surface mount PIN 4їодез................................................. 4-25. 
HSMP-3814 7 Surface mount PIN diodes... uL 4-25. 

Detector 
HSMS-2810 Surface mount Schottky diodes ........................................ 3-55 
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Cellular Radio (cont) 
Cellular Telephone Receiver 


LOW NOISE GAIN DOWN- FILTER GAIN LEVEL 
AMPLIFIER CONVERTING SET 
| MIXER . 
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Cellular Radio (cont) 


Cellular Telephone Receiver 


Discrete BJTs | .. Page №. 
for LNA, gain, VCO Negative R cell mE | Е "NN 
AT-41411 Е 500 Го 1.5 dB МЕ........................................... онсе ЗЫ 
АТ-41511 m Т EIS Ерина нано 6-58 
AT-60111 | _ Low current, 3 & 6 V data ........ ——— — —— сан 6-87 
АТ-60211 B Low current, 3 & 6 V data ........................................... .... 6-87 
АТ-60585 | General purpose transistors ............................................. 6-107 
AT-00511 be | General purpose transistors ............................................. 6-14 
Discrete GaAs FETs 
for LNA, gain, VCO Negative Есей |. pA 
ATF-21186 О . 760 um SMT рр... ы. .. 7-45 
ATF-13284 = 250 рт plastic pkg .............. eee 7-26 
ATF-13484 250 рт plastic pkg .......... ————— RR 7-80 
MMICs 
for LNA, gain 
MSA-0611 ABT lo ————— —— 8-134 
INA-03184 Sp | e AE S 8-66 
Down Converting Mixer 
IAM-81008 5 V Gilbert СеП.......20о.м...04Үв041 10000000 ыы 2 8-33 
IAM-82008 10 V Gilbert Cell Q БУ..................................................... 8-39 
HSMS-2810 Surface mount Schottky diodes ..................... a, 3-55 
HSMS-2812 Surface mount Schottky diodes ...................... e 3-55 
HSMS-2817 Surface mount Schottky diodes .................... ee 3-55 
Level Set 
HSMP-3810 Surface mount PIN дїодев................................................ 4-25 
HSMP-3812 Surface mount PIN дїодев................................................ 4-25 
HSMP-3813 Surface mount PIN дїодев................................................ 4-25 
HSMP-3814 Surface mount PIN дїодев................................................ 4-25 


Personal Communi- or 3 volt batteries are a must: of significantly faster - 


cations Systems integrated circuits and surface semiconductors. Hewlett 
Personal Communications mount packages are needed to Packard's high speed analog 
Systems (PCS, PCN, PHP, DCS- keep handsets pocket-sized ог silicon bipolar and Gallium 
1800) have many of the same smaller and to allow volume Arsenide processes are ideal 
requirements as cellular z production. Additionally, the vehicles for producing a full 
telephones. Operating voltages higher operating frequency range of PCS products. 


and currents compatible with 6 = around 1.9 GHz requires the use 


Personal Handy Phone (PHP) 
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Personal Communications Systems (cont) 


Modulators А 
HPMX 2XXX series 


Up Converting and Down Converting Mixers 


IAM-81008 
IAM-82008 
HSMS-28XX 


Gain Stage ICs 
INA-03184 
MSA-0611 


Discrete BJTs | 

for LNA, gain, Negative R cell 
AT-41411 
AT-41511 
AT-60111 
AT-60211 
AT-60585 
AT-00511 


Discrete GaAs FETs . 
for LNA, gain, Negative R cell 
ATF-21186 
ATF-13284 
ATF-13484 


Power Amplifier Transistors 
AT-42086 
ATF-21186 


T\R Switch 
antenna diversity switch 
MGS-70008 
MGS-71008 
HSMP-3890 
HSMP-3892 
HSMP-4890 


Gain Control/Level Set 
HSMP-3810 
HSMP-3812 
HSMP-4810 


Detector 
HSMS-2810 


Page No. 


Mixer pairs, direct and dual conversion | | | 
Vector modulators ................ “ЛК К ЛК saus 8-7 — 8-21 
5 V Gilbert cell тїхет........................................................ 8-33 
10 V Gilbert cell @ 5 V................................................... 8-39 
Schottky diodes, pairs and апцадз..................................... 3-55 
22 dB gain, 3.5 V RF IC.................................................... 8-66 
16 dB gain, 5 V, ЛІС ОООҚОЛЛЛӘӨӘЛИЯҒ»ӘИИНШҠ 8-134 
500 Г, 1.5 dB NF iet ‚ 6-41 
5091; 15 dB NI ини ное 6-58 
Low current, 3 & 6 V data .......222Ҙ2222.....2.2...1.. 6-87 
Low current, 3 & 6 V data ................................................ 6-87 

. General purpose Transistors /.....2Д2ГДГДГ2......ш. 6-107 
General purpose Transistors ............................................ 6-14 
ПОО МЕ PRE — 1-45 

_ 250 um plastic pkzg............................................................. 1-26 
250 um plastic pkz............................................................ 7-30 
+20 dBm Si ВУТ....22г01ӛ.ӛә0Ҙач Іш 6-81 
+20 dBm GaAs FËT........................................................ 7-45 
Reflective MMIC switch................................................. 9-45 
Absorptive MMIC switoh................................ J.J... a. 9-51 
Low current PIN diodes..................................................... 4-25 
Low current PIN diodes..................................................... 4-25 
Low current PIN diodes ................... ——— OTEN 4-25 
Surface mount PIN diodes ..................sscssssssssssssccesescoseseees 4-25 
Surface mount PIN діюдев...../.2022..22Л......0000. 4-25 
Surface mount PIN аїодев................................................. 4-25 
Surface mount Schottky дїодебв......................................... 3-55 


2-10 


Cordless Telephones 


The primary demand of the 
cordless telephone designer is 
performance at a very econom- 
ical price. High performance 


discrete transistors are the best. 


solution to this requirement. Аз 


Cordless Telephone 


new generation phones move to 
digital transmission and add 
features such as encryption for 


_ privacy, some of the cellular ICs 
also find their way into cordless- 
telephones. Hewlett-Packard 


has a complete line of discrete 
transistors, both silicon bipolar 
and Galium Arsenide, that 
answer the needs of these 
systems. EP 


FILTER — LOWNOISE FILTER 
^ ^. АМРИНЕН 


= 





VCO (NEGATIVE R CELL) 
-— or BPSK MODULATOR _ 


_ MODULATION ШЕ 
PHASE LOCKED Loopy LEHE. 
CRYSTAL REFERENCE 


PRESCALER 


LEVEL SET 





PRESCALER 
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Cordless Telephones (cont) 


Discrete BJTs С | E Page No. — 


for LNA, gain, mixer, УСО Negative R cell, | | 

АТ-00511 mE Economic, general purpose transistors ............................ 6-14 ` 

AT-41511 | Economic, general purpose transistors . ere к ТРИ 6-8 | 
Discrete GaAs FETs 

for LNA, gain, mixer, VCO Negative R cell 

ATF-21186 750 um SMT pkge s ....................................... J... 7-45 ` 
BPSK/FSK Modulators | 

НРМХ 2001 High impedance mixer раїт.............................................. 8-7 

IAM-81008 5 V Gilbert cell mixer ..................... ER ——— P 8-35 

IAM-82008 10 V Gilbert celi Q 5 V ................ — ——À— 8-39 
Power Amplifier Transistors | | 

АТ-41486 +16 dBm Si BJT ............. иен, 6-55 

АТ-42086 mE +20 dBm Si BJT ......... а ЛКК 6-81 

АТЕ-21186 MEE +20 dBm GaAs EST енени €——————— 1-45 
TNR Switch 

MGS-70008 Reflective MMIC switceh........................... I... I a... 9-45 

MGS-71008 Absorptive MMIC switch .................................. stes DO 

HSMP-3820 Low current PIN diodes .................................................... 4-25 

HSMP-3822 “5 Low current PIN diodes . көнөн ннен е е тн 4-25 

HSMP-3890 | Low current PIN diodes ................. ss ИТИИ — 4-25 

HSMP-3892 Low current PIN diodes .................................................... 4-25 
Gain Control/Level Set 

HSMP-3810 Surface mount PIN дїодев................................................. 4-25 

HSMP-3812 Surface mount PIN diodes ................... esu 4-25 

HSMP-3813 Surface mount PIN diodes ................... eeu 4-25 

HSMP-3814 Surface mount PIN дїодез................................................ 4-25 
Detector 

HSMS-2800 Surface mount Schottky diodes .................... I.T 3-55 

HSMS-2810 Surface mount Schottky diodes .................... s 3-55 
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Commercial Wireless/  interestin microwave "tags", for (е best solutions to these 


Spread-Spectrum ^ inventory control, remote toll requirements. Many of the 
Transceivers | > -^ paying, etc. The commodity products used in these designs 
The deregulation of FCC part 15 nature of these applications also find homes in cordless 
has opened the marketplace to once again focuses the designer ^ telephones or digital cellular 
many different transceiver ОП functionality at a very systems. Hewlett-Packard’s 
products, from remote meter / economic price. High perform- silicon bipolar and Gallium 
readers to private information ance discrete transistors plus Arsenide technologies allow for 
systems. There is also a growing select cost effective MMICsare a itn range of product 
offerings. 


Spread-Spectrum Transceiver 
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= <E 
TODEMODULATION =| 
DIGITAL SIGNAL PROCESSING 



















PHASE LOCKED LOOP/ TR 
CRYSTAL REFERENCE SWITCH 


FILTER 


MODULATOR 
MODULATION 
— 
Discrete BJT Page No. 
for LNA, gain, mixer, VCO Negative R cell, | 
AT-00511 Economic, general purpose transistors ............................ 6-14 
AT-41511 Economic, general purpose transistors ............................ 6-58 
Power Amplifier Transistors 
AT-41486 316 dBm S: BJT ооо ГЛ Г О 6-55 
AT-42086 390 dBm Sr BUT u uu оен a is 6-81 
ATF-21186 490 dBm- GaAs БЕТ... оон eoi dose авео дее, 1-45 
Discrete GaAs FETs 
for LNA, gain, mixer, VCO Negative R cell 
ATF-21186 750 um SMT pkg................................................................ 7-45 
BPSK /FSK Modulators 
HPMX-2001 High impedance mixer pair.............................................. 8-7 
ТАМ-81008 5 V Gilbert cell mixer........................................................ 8-35 
IAM-82008 10 V Gilbert cell @ 5 V ....................................................... 8-39 
TNR Switch 
MGS-70008 Reflective MMIC switeh.................................................... 9-45 
MGS-71008 Absorptive MMIC switch HSMP-3890 ...........................-. 9-51 
HSMP-3892 Low current PIN diodes..................................................... 4-25 
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Wireless Local Area use of the FCC part 15 ISM 


Networks (LANs) uu frequencies, especially in the 2.4 
Wireless LANs require high GHz band. The electrical 
performance semiconductors = functions are similar to those of 


capable of processing gigabits of а digital telephone, so many of 
data each second with virtually | the products used for PCS also 
non-existent error rates. Some . work well for LAN designs, 
LANs use licensed frequency | including LANs for laptops. | 
bands, but the majority make Additionally, the designer of 


2.4 GHz digital LAN 


LANs for desktop computers - 
can also take advantage of / 
many high performance - 
semiconductors that require | 
higher operating voltages or 
currents than are acceptable i in 
battery operated equipment. 


LEVELSET — GAIN — FILTER DOWNCONVERTING GAIN —. LOW NOISE FILTER 
| MIXER. _ AMPLIFIER. 
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CRYSTAL REFERENCE  . P 








Wireless Local Area Networks (cont) 


Modulators | | | | Page No. 





HPMX 2XXX series Mixer pairs, direct and dual conversion 
Vector modulators.............................................................. 8-7 — 8-27 

Up Converting and Down Converting Mixers | 

IAM-81008 | 5 V Gilbert cell mixer ...... ини тете нен ннен енен 8-35 

IAM-82008 10 V Gilbert cell mixer ................... «аео oe е. өө өзе еее есе» 8-39 

HSMS-28XX Schottky diodes, pairs and quads..................................... 3-55 
Gain Stage ICs | | 

INA-XXX | Low noise, high gain IGs................................................... 8-62 — 8-68 

MSA-XXXX General purpose 50 Q gain block ..................................... 8-70 — 8-209 
Discrete BJTs | 

for LNA, gain, Negative R cell 

AT-60111 Low current, 3 & 6 V data ................................................ 6-87 

AT-60211 | Low current, 3 & 6 V data ................................................ 6-87 

AT-60585 General purpose transistors.............................................. 6-107 

AT-00511 | General purpose transistors.............................................. 0-14 

AT-41411 General purpose transistors.............................................. 6-41 

AT-41511 General purpose transistors.............................................. 6-58 
Discrete GaAs FETs 

for LNA, gain, Negative R cell 

ATF-21186 750 um ӨМТ pkg................................................................ 1-45 

ATF-13284 250 um plastic pEg............................................................. 1-26 

АТЕ-13484 250 um plastic pkzg............................................................. 1-30 
Power Amplifier Transistors 

AT-42086 290 dBn Ol ПДК ооо О 6-81 

ATF-21186 +20 dBm GaAs FET ................................ ———— 1-45 
TNR Switch 

MGS-70008 | Reflective MMIC switeh.................................................... 9-45 

MGS-71008 Absorptive MMIC switeh................................................... 9-51 

HSMP-3890 Low current PIN diodes ............................ ааа. 4-25 

HSMP-3892 Low current PIN diodes.................................................... 4-25 
Gain Control/Level Set | | | 

HSMP-3810 Surface mount PIN diodes .......................... ңа... 4-25 

HSMP-3812 Surface mount PIN diodes................................................ 4-25 


Please contact the factory for other recent releases in high frequency transmitter and receiver products. 


RF Components for 

ВЕЛО and RF Tags 

° Inventory Management 

е Automotive Toll Debiting 

° Security and Personnel 
Identification 

e Retail Pricing and 
Inventory Control 

е Factory Automation 

• Automatic Identification 

° IVHS & Vehicle 
Identification 

° RF Data Communication 
(RF/DC) 

° Remote Sensing 

Radio Frequency/Identification 

(RF/ID) techniques and RF Tags 

are used for non-contact, 

wireless identification systems. 

These applications utilize a RF 

transmitter-receiver unit 

(interrogator) to query a trans- 

ponder or tag located at 

distance. The tag detects the 


м, RECEIVE 
ANTENNA 










COMMAND 


TRANSMITTER 
RECEIVER 


INTERROGATOR/ 
TAG READER 





ID DATA 


interrogating signal and 
transmits a response signal 
back to the interrogator's | 
receiver. The response signal is 
encoded with data which may be 
as simple as 1-bit (tag is present 
or absent) to a serial stream of 
data. Operating frequencies are 
typically in the 900 MHz to 6 
GHz range. 


Batteryless transponders use 
Schottky diodes to detect an 
interrogating signal and re- 
transmit the fundamental or a 
harmonic directly back to the 
interrogator. Batteryless 
transponders may also use 
Schottky diodes to rectify a 
portion of the received RF to 
supply direct current bias to 
power transponder electronics. 
Schottky diodes with high. 
rectification efficiency are 
essential for this function. 


\ 






MODULATOR 


. ENCODER 


DETECTOR 
RF-DC 
CONVERTER 


TAG/TRANSPONDER 








2-16 


RE-TRANSMIT 
ANTENNA 






Transponders with batteries | 
make use of high sensitivity 
Schottky diodes to detect and 
demodulate the interrogating 
signal and to activate . ` 
transponder electronics from a 
power conserving standby mode. 


Hewlett-Packard Schottky 
diodes are available in a wide 
range of electrical selections and 
package configurations to meet 
the requirements of all types of 
tag systems and operating 
frequencies. Options include 
multiple diode packaging for 
voltage multiplying RF | 
rectifiers and detectors. 20 


Hewlett-Packard also offers a 
complete line of product . 
solutions for receivers and 
transmitters in Tag Readers 
and Interrogators. 







ANTENNA 


SCHOTTKY DIODES 





RF-DC CONVERTER 


RF Components for RF/ID and RF Tags (cont) | 


RF Detector | 
HSMS-28XX Schottky diodes, 900 MHz to 3 GHz ................................. m 
HSMS-8101 Schottky diode, 3 GHz to 16 GHz ............................................. | 
HSCH-3486 | Zero bias Schottky diode detector ................... m—— A 

RF to DC Converter | Е 
HSMS-2800, 2810, 2820 Schottky diodes to 3 GHZ ..... е осина — 
HSMS-2802, 2812, 2822 Schottky diode pairs for voltage doublers to 3 GHz ................. 
HSMS-8202 — — diode pairs for voltage doublers to 16 GHz ............... 

Interrogators & Tag Readers 
AT, ATF series Silicon and GaAs low noise and medium power transistors .. 
MSA, INA, series Silicon MMIC amplifiers ———— — — sss 
HSMS series Schottky diodes for mixers and detectors ................................. 
HSMP series | PIN diodes for T/R switches and AGC attenuators m 
MSF, IAM series | Silicon MMIC mixers................................................................. 
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Ku-Band LNB Solutions 
for Direct Broadcast 
Satellite 

The Low Noise Block (LNB) 
downconverter converts the © 
DBS X/Ku-band signals to a 
lower intermediate frequency in 
the 950 to 2000 MHz range 
where the signals are then 
processed for TV viewing. 


LOW NOISE AMPLIFIER 


>D 


H POLARIZATION 


X/Ku-BAND 








— И | 
У 
UL 


V POLARIZATION 


Low noise preamplification is ` 
accomplished by the use of low 
noise Gallium Arsenide PHEMT 
or MESFET devices. The mixer 
uses either matched Schottky 


diode pairs in a passive, — m 
balanced mixer or a MESFET as 


an active mixer that provides 
conversion gain. А GaAs FET 
dielectric resonator oscillator 
with parallel feedback provides - 


MIXER — — IFAMPLIFIER 







950—2000 MHz 


OSCILLATOR 
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a low phase noise source for the 


local oscillator. 


. IF amplification can be provided 
_ by either discrete bipolar 


transistors in a feedback | Е 
amplifier configuration or by the 
use of silicon MMIC amplifiers. 


. PIN diodes or GaAs MMICs are 
used for IF switches in dual 


polarization designs. 


_ IFSWITCH 








Ku-Band LNB Solutions for Direct Broadcast Satellite (cont) 


Low Noise Amplifier 
ATF-35XXX | 
ATF-13XXX 

Mixer 
HSMS-8202 


ATF-13484, 137XX 


Local Oscillator 
АТЕ-13786, 13484, 26884 


IF Amplifier 

_ INA-10386, 03184; MSA-0886 
AT-41511, 00511 

IF Switch 
HSMP-382X, 389X 
MGS-70008 


Е .. Page No 
Low noise GaAs PHEMT, 0.75 dB NF 9 12 СН2........ 7-73 
Low noise GaAs FET ............................. EEE E EN ОО 1-4 
Matched Schottky diode pair for ................. БЕРЕР 3-61 
X /Ku-band mixers in SOT-23 package 

GaAs FET for active mixer stage ................................. 1-4 
GaAs FET for 10 GHz oscillator, +10 dBm Р .......... 7-4 

25 dB gain silicon MMIC amplifiers ............................ 8-3, 8-4 
2.5 dB NF bipolar transistor......................................... 6-58 
Surface mount PIN switching diodes ........................... 4-25 


DC-3 GHz GaAs MMIC SPDT switch .......................... 9-45 
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C-Band LNB Solutions 
for Television Receive 
Only 

The Low Noise Block (LNB) 
downconverter of a Television 
Receive Only (TVRO) system 
converts C-band satellite sig- 
nals to an intermediate 
frequency in the 950 to 1450 


LOW NOISE AMPLIFIER 








3.7-4.2 GHz 


H POLARIZATION 


u 
WA 


V POLARIZATION 


RF SWITCH 





. MHz range. The IF signal is 


further processed by a set top 
unit for viewing on a TV. Low 
noise preamplification is best 
accomplished by the use of low 
noise Gallium Arsenide PHEMT 
or MESFET devices. The mixers 
can use either matched Schottky 
diode pairs in a passive 
balanced mixer or a silicon 


MIXER/OSCILLATOR 


- 
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IF AMPLIFIER 


Jo RID Dr. = 
| | | o | 
| | | 





MMIC self oscillating mixer. IF 
amplification can be provided by 
either discrete bipolar tran- 
sistors in a feedback amplifier 
or by the use of silicon MMIC 
amplifiers. | | 


PIN diodes or GaAs MMICs are 


used for RF and IF switching in 
dual polarization configurations. 


_ IF SWITCH 








а SET 
еу ТОР 





C-Band LNB Solutions for Television Receive Only (cont) 


Low Noise Amplifier 
ATF-35XXX 
ATF-13XXX 


RF Switch 
HSMP-389X, 489X 


Mixer/Local Oscillator - 
 MSF-8885 


Mixer 
HSMS-8202 


Local Oscillator 
ATF-13786, 13484, 26884 
AT-41511 


IF Amplifier 
INA-10386, 03184; MSA-0886 
AT-00511 


IF Switch . 
HSMP-382X, 389X 
MGS-70008 


E _ Page No 
Low noise PHEMT, 0.3 dB NF at 4 GHz ТРЕНУ sss 7-78 
Low noise GaAs ани: — .. 7-4 
Surface mount PIN нами diodes "Ems 
Silicon MMIC self oscillating mixer ................................. 8-209 E 
Matched Schottky diode pair, SOT-23 package ............... 3-61 
GaAs FET for 4 GHz oscillator .................................... 7-4 
Silicon bipolar transistor .................................................. 6-58 
25 dB gain silicon IC amplifiers........................................ 8-3, 8-4 
2.5 dB NF bipolar transistor......... ——— Ó—R 6-14 
Surface mount PIN switching diode pairs. E € 4-25 
DC-3 GHz GaAs MMIC SPDT switch ...................... — 9-45 
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RF Solutions for CATV 
Distribution & Set Tops 
Distribution 

Television signals from multiple 
sources are combined by the | 
head-end into a frequency band 
suitable for cable distribution. 
Typical cable bands are in the 
frequency ranges of 50 to 300/ 
500 MHz and 30 to 870 MHz. 
From the head-end, the signals 
enter the distribution trunk 





j 





CABLE 


CATV | 








HEAD END 


А 


Distribution Amplifiers 
MSA-0886 


INA-02186 
‚ MSA-1105 


INA-03184 


AGC 
HSMP-3810, 3812 
IVA-05208 


where the amplifiers 


_ amplitude is controlled with 


extension, and active tap 
amplifiers before arriving at the 
subscriber drop. 


responsible for maintaining 
signal strength must have low 
noise and low distortion. Signal | 
The distribution amplifiers 
require wide bandwidth, 
cascadability, low noise, and low 
distortion to sustain high 


AGC circuits using low | 
distortion PIN attenuator 
diodes or variable gain silicon 


MMICs. picture quality. These demands 

are best met with the MSA and 
Signals from the trunk line are INA series of silicon MMIC 
split and distributed by feeder amplifiers. 


lines with bridger, line 


TRUNK AMPLIFIERS 





DISTRIBUTION AMPLIFIERS 


>=} P 


SUBSCRIBER DROP 





Page No 

Silicon MMIC amplifier, 300 MHz fz4p, 

32 dB gain, 61 dBmV Piap T 8-164 
Silicon MMIC amplifier, 800 MHz ав, 

30 dB gain, 60 dBmV P LAB +---- + › * ооо ооовооо ооо ою оо ох оо ооо во воооо ово 8-58 
Silicon MMIC amplifier, 1300 MHz # ав, 

12 dB gain, 66 dBmV Pi,5 ................................. ees 8-183 
Silicon MMIC amplifier, 2800 MHz fan, 

25 dB gain, 47 dBmV Py,5 ............................ eee 8-66 
Surface mount PIN attenuator diodes ............................. 4-25 
Variable gain silicon MMIC amplifier ............................. 10-102 
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RF Solutions for CATV Distribution & Set Tops (cont) 


Set Top Converters 
CATV set top heterodyne 
converters accept signals from 
the cable, downconvert, and 
process the signals for viewing 
with a television receiver. 


Silicon MMICs provide effective ` variable gain amplifier. Silicon 


solutions for gain stages and bipolar transistors are used in 
broadband mixers. Schottky the local oscillator. PIN | 
diodes can be used in balanced switching diodes provide a 


mixers requiring wide dynamic reliable means of switching the 
range. АСС is accomplished by television receiver input 


using either PIN attenuator between a TV broadcast 
diodes or a silicon MMIC antenna and the cable system. 
TO 
OUTSIDE 
Y ANTENNA 


ANTENNA 
SWITCH 





GAIN STAGES MIXER 


CABLE INPUT | | < 2 
| »4 RF/VIDEO 
© = ДМХ PROCESSOR 
AGC 


Gain Stage 
MSA-0104, 0204 
MSA-0885 
MSA-1105 


Mixer 
HSMS-2802, 2812 
HSMS-2807, 2817 
IAM-81008 
MSF-8885 


Oscillator 
AT-00511, 41511 


AGC 
HSMP-3810, 3812 
IVA-05208 


Antenna Switch 
HSMP-382X, 389X 


° —— T2292. 


LOCAL OSCILLATOR 

Page No. 
Silicon MMIC amplifier, medium gain ............................ 8-72, 8-84 
Silicon MMIC amplifier, high gain ................................... 8-162 
Silicon MMIC amplifier, high IP; .................................... 8-183 
Matched Schottky diode pairs .......................................... 3-55 
Matched Schottky diode quads ......................................... 3-50 
MMIC active Mixer iiec u eo awa au вевань 8-35 
Self oscillating Хе... ono et chic na oo кылатын 8-209 
Bipolar oscillator transistors............................................. 6-14, 6-58 
Surface mount PIN attenuator diodes ............................. 4-25 
Variable gain silicon MMIC amplifier ............................. 10-102 
Surface mount PIN switching diodes ............................... 4-25 
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RF Solutions for Global Low noise preamplification is Mixer functions can be 
Positioning System obtained by using either low accomplished by using silicon 
The RF front end of a Global noise Gallium Arsenide MMICs or Schottky diodes. 
Positioning System (GPS) MESFETs, low noise bipolar Silicon MMICs or PIN 
converts the frequency of transistors, or silicon MMICs. attenuator diodes are used for 
signals appearing at the Very low current bipolar the AGC. Bipolar transistors 
antenna to a lower intermediate transistors are optimized for use provide a low phase noise 
frequency where the data are in battery operated receivers. solution for the local oscillator. 
digitally processed to accurately | mE | 
determine the user's geographic 
position. | 

1227.60 MHz (MILITARY) 

1575.42 MHz (COMMERCIAL) 

| | SIGNAL 
LOW PROCESSOR 
NOISE GAIN — 1STMIXER IF AGC 2ND MIXER 
AMPLIFIER — AMPLIFIER 


LATITUDE 37219 


рр зе OO 


OSCILLATOR 





ALTITUDE 140FT = 


PHASE DETECTOR 
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RF Solutions for Global Positioning System (cont) 





Low Noise Amplifier _ Page No. 
ATF-21186, 10136, 13284 Low noise GaAs FET .............. —M—— MÀ—MÓ 1-4 
АТ-41411 | Low noise bipolar transistor............................................. 6-41 
AT-60111 | Low current, low noise bipolar transistor ........................ 6-87 

Gain Stage | Me 
INA-03184 ` | Silicon MMIC amplifier .................................................... 8-66 
AT-60211 — x | Low current, bipolar transistor ........................................ 6-87 
AT-41411 Low noise bipolar transistor.............................................. 6-41 

1st Mixer | | | 
Н5М5-2802, 2812 Matched Schottky diode pair ............................................ 3-55 
HSMS-2807,2817 2 Matched Schottky diode quad .......................................... 9-55 
IAM-81008 Silicon MMIC active mixer................................................ 8-35 

Oscillator 
AT-00511, AT-41411 Bipolar oscillator transistors............................................. 6-14, 6-41 

Phase Detector | 
HSMS-2802, 2807 Matched Schottky diode pairs, quads .............................. 3-55. 

IF Amplifier | | 
ІМА-03184; MSA-0611 — 25 dB gain silicon MMIC amplifiers ................................ 8-66, 8-134 
AT-60211 Low current, bipolar transistor ......................................... 6-87 
AT-00511, 41511 Bipolar transistors ..................................... ——— 6-14, 6-58 

AGC О u | | 
HSMP-3810, 3812 Surface mount PIN attenuator diode............................... 4-25 
IVA-05208 Variable gain silicon MMIC amplifier ............................. 10-102 

2nd Mixer | 
HSMS-2807, 2817 Matched Schottky diode pairs, quads .............................. 3-55 
IAM-81008 © | Silicon MMIC active mixer ........................ ——— — 8-35 
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Millimeter Wave & RF 
Solutions for Collision 
Avoidance Radar 


Vehicle collision warning/ 
avoidance features are based on 
FM-CW Doppler or pulse 
Doppler radars operating at 
typical frequencies of 24, 60, or 
77 GHz. 


The simplest radar sensor 
approach uses a homodyne front 
end in which a portion of the 
transmitter power is used for 
the receiver local oscillator. This 
zero frequency IF design results 


mmW SOURCE 





24, 60, 77 GHz 


mmW IF 
MIXER 


AMPLIFIER 


in a direct output of the Doppler 
frequency shift. 


Use of a heterodyne (non-zero 
IF) improves S/N ratio by 
reducing 1/f noise, thus 


reducing transmitter output 


power requirements. Typical 
IFs for heterodyne systems are 
in the 1 to 2 GHz range. 


Hewlett-Packard's broad 
selection of millimeter wave 
GaAs Schottky diodes includes 
monolithic, matched pairs for 
use in balanced mixer down- 


RF MIXER 1.5 GHz 


г 5) p. | O 


fq- 1.5 GHz 


HETERODYNE FM-CW RADAR SENSOR. 
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converters and anti-parallel 
pairs for application in mixers 
with subharmonic local 
oscillators. 22 E 


The fmax of Hewlett-Packard 
GaAs PHEMTs extend to 150 
GHz and MESFETs to 100 GHz 
to meet the high frequency 
needs of radar sensors. 


The IF signal of heterodyne type 
sensors is amplified by the use 


of either silicon bipolar 
transistors or silicon MMICs. 


‚ mmW SOURCE 


fy | 
-—[n-——-— 


24, 60, 77 GHz ү 


mmW MIXER 


> ÍpoppLER 


HOMODYNE FM-CW RADAR 


Millimeter Wave & RF Solutions for Collision Avoidance Radar (cont) 


mmWave Source 
ATF-35XXX 
ATF-131XX 


mmWave Mixer 
HSCH-9201 


HSCH-9251 


RF Local Oscillator 
AT-00511, 41511 


RF Mixer 
_ HSMS-28XX 


IF Amplifier 
INA-03184 
MSA-0611 
AT-41411 
AT-41511 
AT-00511 


2 45, | | Page No 
GaAs PHEMTs with 150 GHz fmax, 100 GHz fr................ 7-78 
GaAs MESFETs with 100 GHz fu Ax, 40 GHz Dus 7-4 
Monolithic GaAs Schottky diode series pair for mE 

balanced mixers ............................................................... 3-39 
Monolithic GaAs Schottky diode anti-parallel | 
pair for subharmonic LO mixers ............... —Á— —À 3-39 
Silicon bipolar transistor ............................................... ..... 6-14, 6-58 
Matched silicon Schottky diode pairs/quads ...................... 3-55 
25 dB gain silicon MMIC amplifiers .................................. 8-66 
25 dB gain silicon MMIC amplifiers .................................. 8-134 
Low noise bipolar transistors ............................................. 6-41 
Low noise bipolar transistors ............................................. 6-58 
Low noise bipolar transistors ............................................. 6-14 


2-27 





Silicon Bipolar IC ` 
Solutions for Gigabit 
Links 


Workstations, mainframes, and 


supercomputers that require 
point-to-point Gigabit links can 
now be built using the HDMP- 
1000 Gigabit rate transmit/ 
receive chip set. | 


Mux, demux, high speed clock | | 


generation, and clock recovery 


circuits are all included on-chip. 


The transmitter also includes a 
50 Q/ 75 О coaxial line driver. 


HOST-TO-HOST DUPLEX GIGABIT LINK — 


_ Link start-up and handshaking 


are functionally supported on- 
chip. User selectable data rates 
range from 110 MBaud to 1640 
MBaud. e 


This chip set implements both 
the SCI-FI standard and serial 


HiPPI specification. The ICs can 


be used to design backplane 
extenders and ribbon cable 
replacements. 


Simplex operation is also sup- 
ported. This makes the HDMP- 


. 1000 attractive for applications 


such as image acquisition, 
digitized video distribution and 
transmission of high speed | 
computer graphics which | 
frequently requires simplex 
operation. 


These Gigabit chips are manu- 


 factured using Hewlett-Packard 


25-GHz fr silicon bipolar : 
process. 


Refer to page 10-5 for more · 


details. | 


HOST | 
SYSTEM 





DATA 

16 OR 20 

cumst len seo 
—————»-| PROTOCOL 
CLK 


| 
| 
| HANDSHAKE 
PROTOCOL 
CLK | 


RX (HDMP-1004) 





SERIAL - TO 
DECODER i PARALLEL 
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CLOCK 
RECOVERY 


SERIAL 
DATA OUT 
DATA SERIAL 
RECOVERY DATA IN 


Silicon Bipolar datacom applications operating clock and data recovery circuit | 
Solutions for High up to 2.8 Gb/s can be greatly for 622 Mb/s SONET/ SDH 
Speed Telecom/ simplified by using Hewlett- applications (HDMP-2501). 
Datacom Interface ICs Packard's silicon bipolar MMIC | | 


The design of high speed fiber | products. Products range from a 
optic links for telecom and laser diode driver to a complete 


TELECOM/DATACOM FIBER OPTIC HIGH SPEED LINK 


L 
CLOCK АМО DATA RECOVERY DECISION 


CIRCUIT. 





TRANSIMPEDANCE FIXED AGC 
LASER AMPLIFIER GAIN | 


LASER PHOTODIODE | 
DIODE 





EQUENCY LIMITER 
OUBLER 


оО 2 | 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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Silicon Bipolar Solutions for High Speed жаалына, 


Interface ICs ind 


Laser Driver 
IDA-07318 


Transimpedance Amplifiers 


ITA-123XX 
ІТА-063ХХ 


Fixed Gain 
MSA-03XX 
INA-03184 


AGC Amplifier 
HPVA-0180 
IVA-052XX 


IVA-142XX 


Clock Recovery Circuit 
НОМР-2501 


Decision Circuit 
HDMP-2003 
HDMP-2004 
HDMP-2006 
IDC-51418 


Frequency Doubler 
IAM-810XX 


HSMP-3822 


Limiter 
IVA-052XX 


IVA-142XX 


MMIC laser diode driver (to 1.5 5 быз) НЕОНА 


MMIC transimpedance amplifier ( to 800 Mb/s) ............. 
MMIC transimpedance amplifier ( to 1.5 Gb/s)............... 


12 dB gain silicon MMIC amplifier.................................. 
25 dB gain silicon MMIC amplifier —— M —— 


20 dB variable gain amplifier ( to 2.5 GHz) ..................... 
30 dB variable gain amplifier ( to 1.5 GHz) ..................... 
24 dB variable gain amplifier ( to 2.5 СН2)..................... 


622 Mbit/s serial data and clock recovery circuit ............ 


Decision circuit (comparator/D-FF to 2.0 Gb/s) ............... 
Decision circuit (comparator/D-FF to 2.8 Gb/s) ............... 
Decision circuit (comparator/D-FF to 1.5 Gb/s) ............... 
Decision circuit (comparator/D-FF to 1.5 Gb/s) ............... 


5 GHz MMIC active double balanced mixer/IF 


30 dB variable gain amplifier ( to 1.5 GHz) ..................... 


24 dB variable gain amplifier ( to 2.5 GHz) ..................... 
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10-86 


10-94 
10-92 
8-3 
8-66 


10-78 


10-100, 
10-102 
10-106 


10-54 


10-35 
10-35 
10-46 
10-88 


8-5 
4-25 


10-100, 
10-102 
10-106 | 


Modular Solutions for 
Fiber Channel Link 


The HOLC-0266 Optical Link 
Card fills the need for a flexible 
low cost high data rate point-to- 
point connection between 
workstations, minicomputers, 
computer peripherals such as 
gigabyte disc arrays and high 
resolution graphic monitors. 


HOST-TO-HOST DUPLEX 266 MBAUD LINK 


DATA 
10 


— HOLC-0266 жері с жаны HOLC-0266 were 


HOST SYSTEM + 8b/10b 
ENCODE/DECODE LOGIC 


The card includes both optical 
transmitter/receiver operating 
at 265.625 MBaud and conforms 
to the Fiber Standard physical 
layer FC-0 (ANSI X3T9.3). 


The serializer, deserializer, 
clock recovery, laser driver, 
automatic power control, and 
laser safety functions are all 


"е САВІЕ 


located on а single daughter 
card that can be incorporated 
onto a system motherboard or 
adapter card. Input and outputs 
are industry standard TTL 
levels. Refer to page 10-63 for 
further details. 


Қ. 


HOST SYSTEM + 8b/10b 
ENCODE/DECODE LOGIC 





CLOCK ` 


| 
CLK | | 
———-— MULTIPLIER/ | 
| PLL | LASER | 
| DIODE | 
| LASER | 
| DRIVER | САЗБЕН | 
DATA | | 
O PARALLEL LOGIC DRIVER & > МИ | 
—— TO - SERIAL OPEN LOOP CONTROL | 
| РНОТО | 
DATA | T | 
3 SERIAL - TO DATA AM | 
| PARALLEL RECOVERY | 
| | 
| TRANSIMPEDANCE | 
| AMPLIFIER | 
CLK | 1—1. | 
| RECOVERY/PLL | 
| | 
| 


2-31 





» У 
ud E 


мл E09 





Characteristics of Types of Diode Construction Although the mesh contacts are 


Schottky Barrier There are several assembly too small for thermocompres- 
Diodes geometries used for Schottky . sion bonding, they аге not small 
А Schottky barrier diode barrier diodes. Three types used enough for operation at high 
contains a metal-semiconductor іп this catalog are shown in microwave frequencies. It is not 
barrier formed by deposition of Figure 1. _ possible to deposit reliable 
a metal layer on a semiconduc- | | contact areas small enough for 
tor. The resulting non-linear Mesh Diodes _ operation at frequencies above 7 
diode is similar to point contact — Hewlett-Packard's patented GHz; in fact, the highest test 
diodes and p-n junction diodes. mesh diode is made by deposit- frequency is 3 GHz. The mesh 
The Schottky diode is more. ing metal through a screen to devices have model numbers in 
rugged than the point contact the semiconductor surface. the series 5082-2300, 2400, and 
diode because the contact isnot Many closely spaced diodes are 2900. 
subject to change under | created on the chip. The diode | | 
vibration. The advantage over contacts are too smallfor 7 Passivated Diodes 
the р-п junction is the absence | thermocompression bonding. The problem of creating small 
of minority carriers which limit ^ Contact is made by pressing a area contacts was solved by the 
the response speed in switching sharp metal point againstone of ^ development of the passivated 
applications and the high fre- the metal contacts on the diode. ^ diode process. An oxide layer is 
quency performance in mixing The large number of contactson formed over the entire silicon 
and detecting applications. _ the chip provide а good yield t to - area. Then photolithographic | 

| this operation. = ... techniques are used to open a 


` small hole i in the oxide. 


The appropriate metal is 
deposited in the hole to make 
the small area Schottky barrier. 
Then gold is deposited to | 
| | - provide a larger surface for the 
SCHOTTKY | | PE thermocompression bond in 
ші Я Е ^ ceramic packaged diodes 
n-TYPE EPITAXIAL LAYER ІЗ | (outlines 44 or 49) or for the 
PIE | pressure contact in glass 
packaged diodes (outline 15). 
(Silver is used for the 5082- 
2835.) Passivated diodes include 
the 5082-2835, the 5082-2700 
gu m series, and zero bias detectors. 
HYBRID SCHOTTKY BARRIER DIODE _ These devices аге used at 
PE frequencies up to 40 GHz. 








This passivation process is also 
used in our beam lead diodes. 
The final gold layer becomes the 
FON | beam lead itself. Beam lead 
SCHOTTKY "s || SCHOTTKY | . | . diodes contain a nitride layer on 
BARRIER l | | BARRIER | 
| С | _ | the oxide to provide immunity | 
n-TYPE SILICON | š n-TYPESLICON ` ` from contaminants that could 
| | | ' | — otherwise lead to reverse 
. current drift. There is also a 
MESH — | PASSIVATED DIODE = _ platinum layer between the 
Е | barrier metal and the gold. This 





Figure 1. Three Types of Schottky Barrier Diodes. 


layer permits reliable operation 
at higher temperatures. Break- 
down voltage for passivated 
type beam lead diodes is 4 volts 
minimum at 10 microamps. 


Beam lead single diodes are 
included in the HSCH-5300 
series, pairs in the HSCH-5500 
series, and quads in the HSCH- 
5800. These beam lead diodes 
are also available in package 
outlines C2, C4, E4, H2, H4, J2, 
J3, and J4. 


Hybrid Diodes |. 

The breakdown voltage limita- 
tion was solved with the inven- 
tion of the hybrid process. 
Hewlett-Packard's patented 
process combines a Schottky 
diode with a p-n junction, 
eliminating the premature 
breakdown of the passivated 
diode without sacrificing the 
picosecond switching response 
of the Schottky barrier. Break- 
down voltage specifications as 
high as 70 volts are available. 
Hybrid diodes are numbered 


from 5082-2800 to 2826 and also 


5082-2836. The beam lead 
version is 5082-2837. 





_ SCHOTTKY 
BARRIER 


e pmi 
ЕСІ) ” MEN TER 


№ TYPE EPITAXIAL LAYER 


N+ SUBSTRATE 


The dual nature of the hybrid 
diode limits the lowest capaci- 
tance to a picofarad. This limits 
the high frequency guaranteed 
performance of these — to 
2 GHz. | 


Hybrid chips are assembled in 
an inexpensive glass package 
(outline 15) with a vv 
spring contact. 


The Offset J unetion 
Schottky Diode - 

The increased preference of 
automatic wire bonding has 


driven the need for a Schottky 


chip that can withstand the 
stresses of thermosonic (vs. 
thermocompression) wire 
bonding. When the fragile 
Schottky barrier lies directly 
beneath the bond pad, as in | 
conventional Schottky chips, 
cracking is likely to occur when 
sonic energy is applied directly 
above the active area. However, 
by offsetting the Schottky junc- 
tion (see Figure 2) , the bond 
pad will sit on a relatively thick 
oxide which acts as a stress 
dampener for the active area. 
This design, which keeps the 


BOND PAD 






Figure 2. Offset-Junction Schottky Chip 
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bond pad symmetrically in the 
center of the chip, also allows 
much simpler pattern recogni- 
tion when using automatic wire 
bonding. 


The HSMS-0001 to HSMS-0013 
Schottky diodes utilize this 
offset junction geometry and can 
replace most current center- 
junction hybrid chips. The 
offset-junction chip also has a 
larger gold bond pad (to 100 
microns) and is silicon nitride- 
passivated to provide immunity 
to contaminants. | 


The Height of the е Schottky 
Barrier | 

The current-voltage мене 
istic of Schottky barrier diodes 
at room temperature is 
described by the ы 
equation: | 


V-IRs 
IzI ———— ) -1 
s (exp ( т” )-1) 


For currents below 0.1 mA, the 
IRS term may be neglected. On 
semi-log graph paper, as plotted 
in this catalog, the current 
graph will be a straight line 
with inverse slope 2.3 x 0.026 = 
0.060 volts per cycle. All curves 
have the same slope, but not 
necessarily the same value of 
current for a given voltage. This 
is determined by the saturation 
current, Is, and is related to the 
type of metal deposited on the 
silicon and to the treatment of 
the silicon surface layer. The 
term "barrier height" is related 
to the voltage required for a 
given current. Low voltage | 


_ corresponds to low barrier. 


Study of the forward character- 
istics in this catalog shows that 
the lowest barrier diode is the 

HSCH-3486 family of zero bias 





detectors. Detection at zero bias 
is possible for a range of barrier 
heights, but the voltage sensi- 
tivity is best for high barrier 
diodes. The sensitivity degrades 
for barrier heights less than 
that of the HSCH-3486. The 
other extreme is represented by 
medium barrier mixer diodes 
such as the 5082-2702. How- 
ever, this barrier height 

_ corresponds to a zero bias junc- 
tion resistance that requires a 
load resistance above 10 
megohms. Zero bias detection 
with these diodes is limited to 
single frequency applications. 


Applications of 
Schottky Barrier 
Diodes 

Schottky barrier diodes are 
useful in a wide variety of 
applications over a broad 
frequency range from digital to 
microwave. 


Mixers 

The most sensitive receivers 
using Schottky barrier diodes 
make use of the nonlinear | 
properties of the diode to pro- 
duce a difference frequency by 
mixing the received signal with 
a local oscillator. Although this 
can be done with a single diode, 
it is more common to use multi- 
ple diodes in balanced or double 
balanced mixers. Balanced 
circuits reduce the effect of a 
noisy local oscillator and also 
reduce the level of high order 
mixing products that are not 
related to the desired input 
frequency. For multiple diode 
mixers, batch matched devices 
or matched pairs are available. 


The most important property of 
mixer diodes is the noise figure 
— a measure of how small a 
signal can be received. The 
noise level for a perfect receiver 


is -114 dBm per MHz of band- 
width. А 6 dB noise figure mixer 
will degrade the noise level to 
-108 dBm per MHz. If the 
bandwidth of the receiver is 4 
MHz the noise level is raised to 
-102 dBm. If a 10 dB signal to 
noise level is required for proper 
operation of the receiver, the 
sensitivity is -92 dBm. In this 
section of the catalog there are 
several groups of single diodes 
characterized for mixer applica- 
tions. For stripline circuits the 
hermetic H2, broadband C2, 
and beam lead outlines аге | 
available. The best diodes at the 
highest frequency are | 
guaranteed to have a noise 
figure less than 7.2 dB at 44 
GHz. 


The а group of mixer diodes 
uses outline 15, glass package, 


for 2 GHz and outlines 44 and 


49, ceramic packages, for 9.375 
and 16 GHz. The best units 
have a 6 dB noise figure for 2 
GHz and 6.5 dB for the highest 


frequency. 


Applications such as Doppler 
radar involving intermediate 
frequencies below 1 MHz will 
benefit by using the 5082-2400 
with its lower noise at these 
output frequencies. The addi- 
tional noise (flicker noise) varies 
inversely with difference 
frequency and may differ as 
much as 20 dB from one diode 
type to another. Since the 
lowest capacitance (passivated) 
diodes (measured at 9.375 or 16 
GHz) have the highest flicker 
noise, it is sometimes better to 


choose a Doppler mixer diode for 


lowest flicker noise rather than 
for lowest published noise 
figure. 


Another type of mixer diode is 
the Schottky quad used for 
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double balanced mixers. These 
quads are available in beam 
lead versions and in outlines 
E4, C4, and H4. These units | 
contain a monolithic bearn lead 
quad — four diodes connected in 
a ring configuration by gold 
deposited and plated on the 
wafer. Since the four diodes are 
made at the same time on the 
same portion of а wafer, they 
are nearly identical and ideally 
suited for double balanced 
mixers. 


In most gallium arsenide cases 
both medium and low barrier | 


Silicon models are available. 


The low barrier units have an 
impedance closer to 50 О. These 
models give better performance 
in broad band untuned circuits, 
particularly in those applica- 
tions with local oscillator power 
below normal. 


Detector mec 
For system applications with 
relaxed requirements on 
sensitivity, the video detector 


receiver is a good alternative to 


the superheterodyne receiver. 
The sensitivity is degraded 
about 50 dB, but the circuitry is 
simplified and broad bandwidth 
is easily attained without the 
problem of tracking the local 
oscillator frequency. 


The important parameters are 
tangential signal sensitivity 
(TSS) and voltage (y). Both of 
these, as well as video resistance 
(Ry), are guaranteed for these 
detector diodes. Typical detector 
performance is shown for mixer 
diodes, but detector diodes are 
designed for superior perfor- 
mance for this application. 


Tangential signal sensitivity 
measures the ability of the 
diode to distinguish a small 


signal from noise. The name 
relates to a type of radar display 
with the bottom of the signal . 
pulse tangent to the top of the 
noise level. There are subjective 


aspects to this measurement so ` 


that TSS measurement is now 
made with a voltmeter. The 
value depends on diode noise as 
well as detection capability. 


In some applications, the detec- 


tor is used as a monitor and the 


measurement level is well above - 


the noise. For these applications, 
voltage sensitivity, voltage 
output for one microwatt input, 
is the important parameter. 


The third specification, video | 
resistance (Ry) is important for 
video amplifier and response 
time considerations. The video 
amplifier resistance, Вт, should 
be large compared to Ry because 
the maximum output voltage is 
degraded by the factor 


КІ, 
Кі. * Ry 


However, response time is 
proportional to the RC product. 
If fidelity to pulse shape is 
important, the presence of 
pulses with steep edges requires 
a smaller value of load 
resistance. Sensitivity must be 
sacrificed for fidelity. 


Zero bias Schottky detector 
diodes are available in the glass 
package (outline 15) and | 
ceramic packages (outlines 44 


and 49). Two types of metal to 


semiconductor junctions are 


used, resulting in two distinct 
ranges of junction resistance 


(video resistance). Since voltage 


sensitivity varies with resist- ` 
ance, the high resistance diodes 
have better voltage sensitivity. 


However, high resistance means 


higher noise so the TSS ` 


specifications are better for the 
low resistance diodes. All tests 
are done at 10 GHz. | 


The other type of detector (5082- 


2824 and -2750 series) requires ` 


a small forward bias. Production 
tests are made with 20 micro- 
amperes of bias which reduces 
the video resistance to about 
1300 Q. At zero bias the resis- 
tance is higher than for either 
one of the zero bias detectors. 
Although the statement has 
been made that high resistance 
corresponds to good sensitivity, 
the resistance is so high for 
these models (40 megohms for 
the 2750 series) that the 
sensitivity is degraded by 
normal load resistances. These 
diodes can be used without bias 
if the load resistance is compar- 
able to the diode resistance. 
This is discussed in AN988 — All 


‘Schottky Diodes are Zero Bias 


Detectors. 


The 5082-2824 diode is tested at 
2 GHz. The 2750 series is 
supplied in outlines 15, 44, and 
49 and tested at 10 GHz. The 


5082-27 87 is similar to the 2755 
in outline 15 with the param- 
eters sample tested to renace 


cost. 


Dynamic and Series 


Resistance 
Schottky diode resistance may 


be expressed as series resis- | 
tance, Rg, or as dynamic | 


resistance, Ву. These two terms 


are related by the equation 
Rp = Rg + R; | 


where R; is the resistance of the 
junction. Junction resistance of 
a diode with DC bias is quite 
accurately calculated by 


В, = 26/ Ip where 


Ip is the bias current in milli- 
amperes. The series resistance 
is independent of current. 


The dynamic resistance is more 
easily measured. If series 
resistance is specified it is 
usually obtained by subtracting 
the calculated junction 
resistance form the measured 
dynamic resistance. 





Surface Mount Schottky Diodes | 
Available Configurations | — Š 











SINGLE 





SERIES 


A 


20 V |5082-2810| HSMS-2810| HSMS-2811 | HSMS-2812 | HSMS-2813 

(IN5712) | Во BI | B 
HSMS-0003 | 8 V | 5082-2835 | Н5М5-2820 | HSMS-2821 | HSMS-2822 | HSMS-2803 
CO Ct 62 63 


GLASS | SINGLE 





Note: SOT-23 and SOT-143 available in both standard and low profile. Low profile denoted in package marking code with suffix "L". For example, 
"A0" — standard profile; "AOL" — low profile. | 2 IE 


RF Schottky Diodes 
Silicon Schottky Mixer and Detector Diodes | 


| x Tos (dBm | 
Part Ст Мах. | Vgp Min. | Rp Мах. | NF Max. Vr Max. | Vr Max. s| | | | 
Number (pF) | (М) (О) (dB) (mV) (V) 20 mA Bias | Zero Bias| Package Page 


5082-2302 
5082-2303 


5082-2900 
















glass axial lead 
glass axial lead 





glass axial lead 
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1N5711 
5082-2800 
5082-2836 


glass axial lead 
glass axial lead 
| glass axial lead 
























JAN/TX/TXV/ | 
1N5712 1.2 20 glass axial lead 
. 5082-2810 12 | 20 glass axial lead 
5082-2811 1.2 15 glass axial lead 
5082-2826+ | Batch matched 5082-2811 glass axial lead 
5082-2835+ | 1 | 8 | glass axial lead 
5082-2080 | Batch matched 5082-2835 glass axial lead 


HSMS-00011 
HSMS-00021 
HSMS-00031 
5082-0097 


HSMS-2800 
HSMS-2801 
_Н$Мб-2810 
HSMS-2811 
HSMS-2820 
HSMS-2821 
HSMS-2840 

_ HSMS-2841 


5082-2817 
5082-2400 
5082-2350 
5082-2824 


chip 
chip 
chip 
chip. 
SOT-23 single 
SOT-23 single 
SOT-23 single 
SOT-23 single 
507-23 single 
SOT-23 single 
SOT-23 single 
SOT-23 single 


glass axial lead - 
glass axial lead 
glass axial lead 
glass axial lead 




















($42. 
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Notes: 

**Van typical. 

[Standard Hi-Rel version available. 

For reliability data see pages 3-94 - 3-118. 


RF Schottky Diodes (cont.) 
Silicon Schottky Mixer Diode Pairs 


Rp Max. 
Part Ст Мах. he m Тур. @5mA 
Number en (Q) 




































































































HSMS-2802 SOT-23, series 
HSMS-2803 2.0 SOT-23, common anode ` 
HSMS-2804 2.0 SOT-23, common cathode 
HSMS-2805 2.0 _ SOT-143, unconnected pair 
HSMS-2812 1.2 SOT-23, series 
HSMS-2813 1.2 SOT-23, common anode 
HSMS-2814 1.2 . SOT-23, common cathode 
HSMS-2815 12 SOT-143, unconnected pair 
HSMS-2822 1.0 _ SOT-23, series 
HSMS-2823 1.0 SOT-23, common anode 
HSMS-2824 - 1.0 SOT-23, common cathode 
HSMS-2825 1.0 SOT-143, unconnected pair 
5082-2306 Matched pair 5082-2301 G-1 

5082-2308 Matched pair 5082-2303 glass axial lead | 
5082-2912 Matched pair 5082-2900 glass axial lead 

5082-2804 Matched pair 5082-2800 glass axial lead 

5082-2818 Matched pair 5082-2817 glass axial lead 

5082-2401 Matched pair 5082-2400 glass axial lead 

5082-2351 Matched pair 5082-2350 glass axial lead 







Silicon Schottky Mixer Diode Quads 


Rp Max. Vr Max. 
Part Ст Мах. Vgn Min. (9 5 mA (9 1 mA 
Number (PF) В (Q) (mV) 
| | 35 Тур. | 
35 Typ 




































HSMS-2807 





SOT-143, ring 










































































HSMS-2808 SOT-143, bridge 
HSMS-2817 SOT-143, ring 
HSMS-2818 SOT-143, bridge 
HSMS-2827 SOT-143, ring 
HSMS-2828 SOT-143, bridge 
9082-2830 E-4 ring 
9082-2831 E-4 ring 
5082-2970 Matched quad 5082-2900 glass axial lead 
5082-2997 Matched bridge quad 5082-2900 G-2 

5082-2805 Matched quad 5082-2800 glass axial lead 
5082-2815 Matched quad 5082-2811 glass axial lead 
5082-2814 Matched ring quad 5082-281 1 G-1 

5082-2813 Matched bridge quad 5082-2811 G-2 

9082-2370 Matched quad 5082-2303 glass axial lead 
5082-2396 Matched ring quad 5082-2303 G-1 


5082-2356 Matched bridge quad 5082-2303 G-2 





Notes: 
For reliability data see pages 3-94 — 3-118. 


Microwave Schottky Diodes | Е 
Schottky Diode Chips | 


Part Number CT Max. (pF) | | NF Typ. (dB) Tss Typ. (dBm) | 














- 5082-0009 012. 6.69. -55 3-12 
5082-0013 0.18 6.019 -42 | 3-12 
| 5082-0023 0.16 6.00 -54 | 312 x 











Silicon Schottky Mixer and Detector Diodes 


x | тв) 
Part Ст Мах. МЕ Мах. | Vr Max. | 
Number _ (pF) (dB) (mV) | 20 mA Blas Package | Page 
| HSCH-5312* x beamlead | 2-18 
HSCH-5313* 3-18 
beam lead 3-18 ZEE 
| 3-18 | 
HSCH-5336" 
HSCH-5337* 





| beam lead 3-18 
| 9180 

_ beam lead 3-18 

3-18 

beam lead 3-18 

3-18 


B 
л 


Go 
~y 
с 





шы 


HSCH-5316* | 
HSCH-5317* 
HSCH-5318* 

| HSCH-5319* | | 
Н$СН-5338* 375 -44 Беат lead | 3-18 
HSCH-5339* | | | 3-18 
5082-2207 0.18 | gold С-2 3-74 
5082-2208 | | | 374 
5082-2209 | 
5082-2210 
5082-2774 375 
5082-2775 
5082-2794 0.18 
5082-2795 | 


HSCH-5314* 4 72b] | 50 
HSCH-5315* 


Q 
no 
e e 
и 


сэ 
> 
сл 


не 
3-18 

2 | з _ 

Е 


| beam lead 3-18 
. 9-18 | 


~J 
>, 
S, 
c 
NO 


RS | 
e 
= 
e 
D, 


Notes: 

[a] 26 GHz 

[b] 16 GHz 

[c] 9.375 GHz 

For reliability data see pages 3-94 - 3-118. 


*Standard Hi-Rel Version Available 


Microwave Schottky Diodes (cont.) 
Silicon Schottky Mixer and Detector Diodes (Cont.) 


Pat | Сумах, | УҙдМп. | Ro Max. | NF mex 
Number (pF) (V) (dB) 20 mA Bias Package | Page 
HSCH-5340* 7.58] 375 beamlead | 3-18 
HSCH-5341* 3-18 
| HSMS-8001 | -46 chip 3⁄5 — 
HSMS-8011 3-15 
HSMS-8002 -46 3-15 
HSMS-8012 | | 3-15 
Н5М5-8101 SOT-23 
HSMS-8202 = 
Zero Bias Schottky Detector Diodes ТЕ 
Part Tss Max. y Min. ` ы Ст mE i | 
Number (dBm) т": | MinMo | Мм | — (pF) | Package Page 
HSCH-3207 42 | 8 80 300 0.30 44 3-46. 
HSCH-3206 -42 8 80 | | 
HSCH-3486 -54 7.2 | 2 | 
Schottky Barrier Detector Diodes 


Part — Т; Max. 
Number (dBm) 


5082-2787 | 

5082-2755 

5082-2751 x 
5082-2750 














Part Ст Мах. | VpnMin. | Rp Max. NF Max. | к 

Number (pF) (V) -© (Q) (dB) . Package Page 
| HSCH-5514" — — 4 | 2 | 64 | so | көлі | 325 
“ене | o2 | — 4 | w | 69 [| 35 | beamed | 32% 


[ d» 
0 | 4 | 12 | 64 | 35 3- 
БЕКЕН БЕГІНЕ beam lead 
| beam lead 


< 


e 

N 

5 
ho. 

il „© 
i 
C | C 
| 
ә | фә 
i" 


[d] Conversion Loss at 9.375 GHz 
For reliability data see pages 3-94 — 3-118. 


“Standard Hi-Rel version available. 
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Microwave Schottky Diodes (cont.) 


































Part 
Number 


5082-2723* 
5082-2724 — 


Silicon Schottky Mixer Diode Quads 






HSCH-5938* . 0.50 4 beam lead bridge | 
Н$СН-5918* 0.50 4 _ beam lead bridge — 
HSCH-5958* 0.50 4 beam lead bridge | 
5082-2292 0.40 C-4ring 
HSCH-5816* 0.25 beam lead ring 
HSCH-5836* 0.25 beam lead ing - 
5082-2231 0.80 H-4 ring 
5082-2233 | 054 H-4 ring —— 
5082-2263 0.54 Н-4 іп 
5082-2271 0.80 — _ С-4 пт: 
5082-2272 0.54. C-4 ring 

5082-2279 0.25 C-4 ring 
HSCH-6812 0.21 J-Aring — 
HSCH-6832 0.21 J-4ring ` 
HSCH-5812 0.15 beam lead ring 
HSCH-5832 0.15 beam lead ring — 
5082-2280 0.20 C-4 ring 

5082-2294 0.20 | C-4ring 
HSCH-6810 | 0.16 -J-ring . - 
HSCH-6830 0.16 | J-4ring =- 
HSCH-5932 0.15 4 . beam lead bridge- 
HSCH-5912 0.15 4 beam lead bridge | 
HSCH-5952 0.15 4 beam lead bridge 
HSCH-5810 0.10 beam lead ring © 
HSCH-5830 | 0.10 


beam lead ппс 


GaAs Schottky Mixer and Detector Diodes 


Number | (pF) |. W) (9) (dB) 












HSCH-9101* 4.5 6.719 beam lead single | 
HSCH-9201* 6.719 beam lead pair — . | 
HSCH-9251* 6.719 beam lead anti-parallel рай | - 
HSCH-9301* beam lead ring quad ` | 


HSCH-9351* beam lead bridge quad .. 


Notes: 

*Standard Hi-Rel version available. 
[a] 9.375 GHz [c] 44 GHz 
[b] 16 GHz 


is determined by measuring total device capacitance апа subtracting the calculated parasitic capacitance (0.035 pP). 
For reliability data see pages 3-94 - 3-118. 
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Schottky Barrier Chips for 





Technical Data 


Features 
е Thermocompression/ 


Thermosonically Bondable 


ө Gold Metallization = 
е Silicon Nitride Passivation 


° Uniform Electrical Charac- 


teristics 72 | 

* Batch Matched Versions 
Available 4 

° Planar Construction | 

* Available in Many Electri- 
calSelections ` ` 

° Ideal for Hybrid | 
Integrated Circuits 


Description/ 
Applications 
These Schottky chips are de- 


signed for hybrid applications at 


DC through K-band frequencies. 
The passivated planar construc- 
tion of these Schottky chips 
provides a wide temperature 
range capability combined with 
broad bandwidth performance. 


A variety of chips are provided 
Which are optimized for various 


analog and digital applications. | 


Typical applications of Schottky 
chips are mixing, detecting, - 
switching, gating, sampling, `` | 
and wave shaping. | 


The HSMS-00XX (offset junc- 
tion) series Schottky diode chips 








Hybrid Integrated Circuits 


5082-0009, 5082-0013, 
5082-0023, 5082-0097, 
HSMS-0001, HSMS-0011, 
HSMS-0002, HSMS-0012, 
HSMS-0003, HSMS-0013 











| И 
ИШ | течај | 
EI TION | 


к | 
9-CONTACT CENTER JUNC 


- 





NOTES: 

1. DIMENSIONS IN MILLIMETERS AND (1/1000 INCH). 

2. DIMENSION TOLERANCE 10.03 (1), EXCEPT * WHERE IT IS 10.006 (0.2). 
3. TOP CONTACT IS ANODE EXCEPT 5082-0009, WHERE TOP IS CATHODE. 
4. ALL CONTACT METALLIZATION IS GOLD. 


Outline 01B - Chip Dimensions 
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are specifically designed for on adhesive metal layers for a 
analog and digital hybrid appli- ^ tarnish-free surface that allows 
cations requiring thermosonic or either thermosonic or thermo- 
thermocompression bonding compression bonding techniques. 
techniques. The large bonding The bottom metallization is also 
pad and offset junction allows | gold, suitable for epoxy or 

easy bonding. The top metalliza- ет іесііс die attach methods. 
tion is a layer of gold deposited | 


Maximum Ratings 
Junction Operating and Storage Temperature 


5082-0097, HSMS-00XX............................................. -65°C to +200°C 
5082-0009, -0013, -0023.............................................. -65°C to +150°C 
Power Dissipation @ T, = 25°C................................................ 250 mW 


Measured in an infinite heat sink derated linearly to 

zero at maximum rated temperature. 
Tp max (1 ps pulse) .............. eere ] Amp 
_ Operation in excess of any one of these conditions 

may result in permanent damage. 


Electrical Specifications at T, = 25°C | 


Schottky Barrier Chips for General Purpose Applications Requiring 
Thermocompression Bonding Only | 
























Maximum 














Part Nearest Maximum 
Number Equivalent | Minimum | Maximum Forward Reverse 
5082- Packaged | Breakdown | Forward Voltage Leakage 
Epoxy or Solder | Part No. Voltage Voltage Current x 
gon | ушбу | Wmvy I, (nA) O W (V) 


0097 2811 


Test Ig = 10 pA 
Conditions ü | 


Notes: 
1. Recommended methods. See "Assembling and Handling Procedures" for definitions. 
2. Ур measured after proper die attach. 
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Schottky Barrier Chips for General Purpose Applications Requiring 


Thermosonic or Thermocompression Bonding Only 
Part Number HSMS- | 
















Nearest 
Equivalent 









Voltage Maximum | Current 
У, (У) @ | Capacitance Ig (nA) @ 
Ip (mV) Cr (pF) Уң (У) 







0011 2800 






0012 2810 
0013 2835 
Conditions | І, = 1 тА 


Notes: 
1. Standard batch match size, 100 units. 
2.Vp measured after proper die attach. 


Schottky Barrier Chips for Mixing and Detecting 































Nearest Nearest Maximum | Typical Parameters 
| Equivalent Equivalent Junction | | 
| Part Number Packaged Beam Lead Capacitance Noise Figure | Tangential Sensitivity 
5082. Part No. 5082- | Part No. HSCH- Ст (pF) NF (dB)! | Т. (dBm) 
0023 2702, 2723 5316 6.0 
0013 HSCH-3206* 5332 6.0 
0009 2750 6.6 
Test *Zero Bias _\=0У f = 10 GHz 
Conditions | f= 1.0 MHz © BW = 2 MHz 
Notes: 


1. NF includes 1.5 dB for the IF Amplifier. 


Assembly and Handling 
Procedures for 
Schottky Chips 


See page 3-17. 
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Schottky Diode Chips 
for X/Ku-Band 
Hybrid Integrated Circuits 

тысы Е HSMS- 8002 
Technical Data HSMS- 8011 

HSMS- 8012 


Features Chip Outline 
e Platinum Tri-metal 

System 

— High Temperature 


Stability 
e Offset Gold Bonding Pad 
— Thermo (compression/ 


mI 
| r 0.27 (11) 
— Ideal for Hybrid Е m x 1 


sonic) Bondability 





Integrated Circuits | 
e Silicon Nitride Passiva- | 
0.15 (6 
tion Г] (6) 
— Stable, Reliable OUTLINE 01B 
Performance NOTES. 
e Uniform Electrical 1. DIMENSIONS IN MILLIMETERS 
Characteristics AND (1/1000 INCH). 
— Batch Matched 2 ALL CONTACT METALIZATION IS GOLD. 
Versions Available 


Absolute Maximum Ratings 


- © 
(T, = 25°C) 
ушы | Parameters [Pe | Moe [Ut | 


Т; Junction Operating and Storage +150 С 
Temperature 


* Operation in excess of any one of these parameters may result in 
permanent damage. 


Note 1. 













Measured in an infinite heat sink. 
Derate linearly to zero at maximum rated temperature. 
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Description/ 
Applications | 
These Schottky chips are de- 
signed for hybrid applications 
at X / Ku - bands. Passivated 
planar construction provides a 
wide temperature range 
capability combined with broad 
bandwidth performance. 
Typical applications for these 
chips are mixing, detecting, 
switching, gating, sampling, 
and wave shaping. 


The top metalization is gold 
deposited on adhesive metal 
layers for a tarnish-free surface 
that allows either thermosonic 
or thermocompression bonding 
techniques. The bottom meta- 
lization is also gold and is suit- 
able for epoxy or eutectic pre- 
form die attach methods. 


Chip Identification 


HSMS-8001 


HSMS-8002 


DC Electrical Specifications (TA = 25°С) 






















Minimum Maximum 





























Minimum Maximum | 
Breakdown | Forward Forward Maximum Dynamic 
| Part Number Batch Voltage Voltage Voltage Capacitance | Resistance 





Matchedtlll 


f= 1.0 MHz 





. Notes: 1. Standard batch match size, 100 units 


RF Electrical Parameters, Тл = 25 °C 








Conversion Tangential 
Part Number Loss Sensitivity 


Tss (dBm) 


f= 10 GHz 
| I BW = 2 MHz 
Conditions | DC load resistance = 0 Q, LO power = 1 mW IprAs-20 uA 


Notes: 1. Typicalat f=9.375 GHz. 2. Typical at f = 16.0 GH;. 
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Assembly and Handling 
Procedures for 
Schottky Chips 


1. Storage 


Devices should be stored in a dry 
nitrogen purged desiccator or 
equivalent. 


2. Cleaning 


If required, surface contamination 
may be removed with electronic 
grade solvents such as freon (T.F. 
or T.M.C.), acetone, deionized wa- 
ter, and methanol used singularly 
or in combinations. Typical clean- 
ing times per solvent are one to 
three minutes. DI water and meth- 
anol should be used ( in that order) 
in the final cleans. Final drying 
can be accomplished by placing the 
cleaned dice on clean filter paper 


and drying with an infrared lamp 
for 5 - 10 minutes. Acids such as 


hydrofluoric (HF) , nitric (HNO3) : 


and hydrochloric (НСІ) must not 
be used. 


Тре effects of cleaning methods / 
solutions should be verified on 
small samples prior to submitting 
the entire lot. 

Following cleaning, dice should ei- 
ther be used in assembly (typically 
within a few hours) or stored in 
clean containers in an inert at- 
mosphere or a vacuum chamber. 
3. Die Attach 

a. Eutectic- 

Eutectic die attach can be ac- 
complished by "scrubbing" the die 
with a preform on the header . 
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(Note—times and temperature uti- 
lized vary depending on the type of 
preform.) For example, 3109 C is 
suitable for a Au/Sn preform. 

b. Epoxy | 

For epoxy die-attach, conductive 
silver-filler epoxies are rec- 
ommended.This method can be 
used for all Hewlett-Packard 
Schottky chips. 


4. Wire Bonding 


Thermosonic or thermocompression 
wire bonding is recommended. Sug- 
gested wire is pure gold, 0.7 to 1.5 

mil diameter. | | 
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PACKARD 
Beam Lead Schottky Diodes 
for Mixers and Detectors 
(1-26 GHz) 
Technical Data 
HSCH-5300 Series 


Features 
* Platinum Tri-Metal System 
High Temperature Stability 


e Silicon Nitride Passivation 
Stable, Reliable Performance 


* Low Noise Figure 
Guaranteed 7.5 dB at 26 GHz 
ө High Uniformity 
Tightly Controlled Process 
Insures Uniform RF 
Characteristics 


° Rugged Construction 
4 Grams Minimum Lead Pull 


* Low Capacitance 
0.10 pF Max. at 0 V 


ә Polyimide Scratch Protec- 
tion 


Description 


These beam lead diodes are 
constructed using a metal- 
semiconductor Schottky barrier 
junction. Advanced epitaxial 
techniques and precise process 
control insure uniformity and 
repeatability of this planar 
passivated microwave semicon- 
ductor. A nitride passivation 
layer provides immunity from 
contaminants which could 
otherwise lead to Ip drift. 


The HP beam lead process 
allows for large beam anchor 
pads for rugged construction 
(typical 6 gram pull strength) 
without degrading capacitance. 





CATHODE 







GOLD LEADS 






130 (5) 
100 (4) | р 
⁄ | 
2 135 (5 
2 90 
| "P 8 
x 
90 (3 
A77. 
zs) | Su ux — 225 0 
200 (8) 250 (10) 170 (7) 
12 (.5) 
| 8 (.3) 
30 MIN (1) 


| | SILICON 710 (28) ж GLASS 60 (2) 
1) 


670 (26) 


DIMENSIONS IN um (1/1000 inch) 


Outline 07 
Maximum Ratings 
Pulse Power Incident at T, = 25°С................................................. 1W 
Pulse Width = 1 us, Du = 0.001 | 
CW Power Dissipation at T, = 25°С........................................ 150 mW 


Measured in an infinite heat sink derated linearly 
to zero at maximum rated temperature 


Topr — Operating Temperature Range ..................... -65°C to +175 °C 
Tsrc — Storage Temperature Қапре........................... -65°С to +200°С 
Minimum Lead Strength .............................. 4 grams pull on any lead 
Diode Mounting Temperature ....................... +350°С for 10 sec. max. 


These diodes are ESD sensitive. Handle with care to avoid static 
discharge through the diode. 
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Applications = J matched versions are available For guaranteed low-barrier RF- | 


The beam lead diode is ideally | | as HSCH-5331, -5333, and tested performance to 26 GHz, 
suited for use in stripline or | 5337. 50 |... the HSCH-5340 is selected with 


microstrip circuits. Its small | T | batch match units available as. 
physical size and uniform = For applications requiring _ the HSCH-5341. The HSCH- : 
dimensions give it low parasitics guaranteed RF-tested perform- 5338 and -5334 are selected for | 
and repeatable RF characteris- ance up to 26 GHz, the HSCH- noise figure 6.2 dB maximum at 


tics through K-band. 5320 is selected with batch 9.375 GHz and 7.2 dB тахі- 

.. match units available as the mum at 16 GHz respectively. 
The basic medium barrier J HSCH-5321. The HSCH-5318 is Batch matched versions are - 
devices in this family are DC selected for 6.2 dB maximum available as the HSCH-5339 


tested HSCH-5310, 5312, and noise figure at 9.375 GHz; with апа -5335. 
-5316. Batch matched versions | RF batch match units available | IZ | 


are available as the HSCH-5311, as the HSCH-5319. Тһе HSCH- Bonding and Handling > 


-5313, and -5317. Equivalent 5314 is rated at 7.2 dB maxi- Procedures 
low barrier devices are HSCH- mum noise figure at 16 GHz See page 3-45. _ 
5330, -5332, and -5336. Batch with RF batch match units — ` mu 


available as the HSCH-5315. ` 


Table IA. Electrical Specificati 










Impedance 
ise Zr (©) , down 
Мах. | Voltage | 
Barrier | NF (dB) | Min. | Мах. SWR | Vor ©) | 









их 


Г. < 10 pA Ip = 5 mA Vp = 0 V Ip=1mA Va=1V 
f= 1 МН? 


62at 
9.375 GHz 
7.2 at | 
16 СН? | 


DC Load Resistance - 0 2 
LO Power = 1 mW 
Ip = 30 MEL, 1.5 dB NF 







*Minimum batch size 20 units. 


Note: 
1. Cp = C; + 0.02 pF (fringing cap). 
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| 533 
Test | AV, € 15 mV 
Conditions A 5 mA 


*Minimum batch size 20 units. 
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Typical Detector Characteristics at T, = 25°C 
Medium Barrier and Low Barrier (DC Bias) | 


Typical Value | Units | Test Conditions 





Tangential Sensitivity | TSS — BENE 20 НА Bias, В, = 100 КО 
| | | | Video Bandwidth = 2 MHz 





Low Barrier (Zero Bias) | и | | | a 
Typical Value 


Voltage Sonsitwiiy | y | № | ттун | Prom 
Video Resistance | Ry | 18 





Tangential Sensitivity Sensitivity TSS -44 dBm dBm | Zero Bias,R,-10MQ > 
т” | -] Video Bandwidth = 2 MHz 
Y W 
Ry | 
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Typical Parameters 
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Ve — FORWARD VOLTAGE (V) Ve — FORWARD VOLTAGE (V) 


Figure 1. i ard Characteristics for Medium Figure 2. Typical Forward Characteristics for Low 
Figure 1. Tyee tread Diodes. HSCH.-53 10, -5320 Series. Barrier Beam Lead Diodes. HSCH-5330, -5340 Series. 
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igure 3. Typical Admittance Characteristics with1mA Figure 4. Typical Admittance Characteristics with 
А n HSCH-5320, -5340, -5321, and -5341. External Bias. HSCH-5320, -5340, -5321, and -5341. 





igur i i Characteristics with Self Figure 6. Typical Admittance Characteristics with 
nie i үу "IE. 1354. and 5335. External Bias. HSCH-5314, -5315, -5334, and -5335. 
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Figure 7. Typical Admittance Characteristics with Self Figure 8. Typical Admittance Characteristics with 
Bias. HSCH-5318, -5319, -5338, and -5339. ` i External Bias. HSCH-5318, -5319, -5338, and -5339. 


NOISE FIGURE (dB) 





8 
9.375 
FREQUENCY (GHz) 


Figure 9. Typical Noise Figure vs. Frequency. 


Models for Each Beam Lead Schottky Diode 


HSCH-5320, -5321, -5340, -5341 
1 mA Self Bias 


0.03 pF 
0.04 nH Rj 


0.1 nH 110 


Сі 


3-22 


Other HSCH-53XX 
Self Bias 


0.02 pF 


Rs Rj 


0.1 nH 


1.0 ке Self Bias 1.5 mA Self Б 3.0 mA Self Bias 
Part Numbers | Rs (Q) C,(pF)| Rg (©) | R В, (Q) | C, (pF) 


HSCH-5314, -5315, 0.11 E 11 150 | 0.12 
-5334, -5335 | 





HSCH-5318,-5319, | 51 
-5338, -5339 | | 


HSCH-5320, -5321, 5340, -5341 
External Bias 


0.03 pF 


0.04 nH Rj 


0.1 nH 110 


Cj 


20 „A DC Bias 


_ Part Numbers 





HSCH-5320, -5321, -5340, -5341 1400 


Other НЅСН-53ХХ 
External Bias 


0.02 pF 


Rs. | | . Rj | 


0.1 nH 


Part Numbers | Rg (Q) | RA | R, (Q) |C, (Р) | Rs) | R (О) | C, (pF) 


. | | = P 
HSCH-5314, -5315, 1240 | O11 | 47 618 0.12 Ae 0.13 
-5334, -5335 E | 
HSCH-5318,-5319, | 51 7 0.18 0.19 
-5338, -5339 |l _ x 


HEWLETT 
PACKARD 





Гг 





Beam Lead Schottky Diode 


Technical Data 


Features 

° Fast Switching 

° High Breakdown 

* Beam Lead Equivalent of 
5082-2800 

* Platinum Tri-Metal System 

ө Wide Temperature Range 

° SIO, Passivation 


Description 
The HP 5082-2837 is an epitax- 


ial planar passivated beam lead. 


diode whose construction uti- 
lizes a unique combination of 


both a conventional PN Junction ` 


and a Schottky barrier. This- 
manufacturing process results 
in a device which has the high 
breakdown and temperature 
characteristics of silicon, the 
turn-on voltage of germanium 
and the speed of a Schottky 
diode majority carrier device. 


This device is intended for high 
volume, low cost applications, 
and is the beam lead equivalent 
of the HP 5082-2800 glass 
packaged diode. 


r— 

High level detection, өкімінде 
or gating; logarithmic or A-D 
converting; sampling or wave ` 
shaping are jobs the 5082-2837 
will do better than conventional 


_ 5082-2837 





DIMENSIONS IN ит (1/1000 inch) 


око 
| Outline 10B 
Maximum Ratings 
Operating Temperature Range ................................. -65?C to +175 °С 
Storage Temperature Range ...................................... -65?C to +200°С 


„Minimum Lead Strength ......... eee grams pull on either lead. 
. Diode Mounting Temperature. ——Á— — 350°С for 10 sec. max. 
. CW Power Dissipation at Ty = 25°С ......................... be ........300 mW 


Measured in an infinite heat sink derated linearly 
to zero at maximum rated temperature. 


PN junction diodes. The low 
turn-on voltage and subnanosec- 
ond switching make it extreme- 
ly attractive in digital circuits 
for DTL gates, pulse shaping 
circuits or other low level 


applications. Its high PIV allows | 


wide dynamic range for fast 
high voltage sampling gates. 


The 5082-2837 low turn-on 


voltage gives low offsets. The = 
mE extremely low stored charge | 
minimizes output offsets caused 


by the charge flow in the 


storage capacitor. At ОНЕ, the - 
diodes exhibit 95% rectification u 


efficiencies. Both their low loss 


3-24 


and their high PIV allow the 
diodes to be used in mixer and | 
modulator applications which 
require wide dynamic ranges. 


The combination of these tech- 
nical features with the low price 
make these devices the prime 
consideration for any hybrid DC 
or RF circuit requiring non- 
linear elements. 


‘Bonding and Handling 
_ Procedures | 


See page 3-45. 


Note: Diode above is typically bonded 
with active area onto the circuit or ` 
silicon side up. 


IPS 
o e 


“Reverse Leakage Current | In — 


Effective Minority. - 
Carrier Lifetime 


*Typical 










mS 
— 
e 
e 
e 













= 10 O 1000 

E 2 

2 < 

uJ o = 

š ay | Š 

2 | Ш 

O 190 L, с 100 

О HTH | ° о 

< fI. i 5 

= / // js -50°C = 

rd | {t= о 

| TRE | 

= < 

0 2 4 6 8 10 12 = 0.01 ( 
Ve — FORWARD VOLTAGE (VOLTS) Ip — FORWARD CURRENT (mA) | 
Figure 1. Typical Forward Characteristics. Figure 2. Typical Dynamic Resistance (R,) vs. Forward 
Current (I,). | | 
100,000 


Ің — REVERSE CURRENT (nA) 
_ Ст — CAPACITANCE (pF) 





Vr — REVERSE VOLTAGE (VOLTS) | Vg — REVERSE VOLTAGE (V) 


Figure 3. Typical Variation of Reverse Current (Т„) vs. Figure 4. Typical Capacitance (C,) vs. Reverse Voltage | 
Reverse Voltage (V,) at Various Temperatures. (V). E | 
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HEWLETT 














G PACKARD 
Beam Lead Schottky Diode 
Pairs for Mixers and 
Detectors 
Technical Data 

HSCH-5500 Series 
Features 280 (190 
e Monolithic Pair 220 (9.0) 220 (9.0) 


Closely Matched Electrical 
Parameters 


° Low Capacitance 
0.1 pF Maximum at 0 Volts 
* Low Noise Figure 
Guaranteed 7.5 dB at 26 GHz 
е Rugged Construction 
4 Grams Minimum Lead Pull 
• Platinum Tri-Metal System 
High Temperature Stability 


ө Polyimide Scratch Protec- 
tion | 

e Silicon Nitride Passivation 
Stable, Reliable Performance 


Description 


These dual beam lead diodes are 
constructed using a metal- 
semiconductor Schottky barrier 
junction. Advanced epitaxial 
techniques and precise process 
control insure uniformity and 
repeatability of this planar 
passivated microwave semicon- 
ductor. À nitride passivation 
layer provides immunity from 
contaminants which could 
otherwise lead to Ip drift. 


The HP beam lead process 
allows for large beam anchor 
pads for rugged construction 
(typical 6 gram pull strength) 
without degrading capacitance. 






180 (7.0) 







250 (10.0 


120 (5.0) 
90 (3.5) 200 (8.0) 


190 (7.0) 
160 (6.0) 





PLATINUM 
METALLIZATION 





CATHODE o——k LI - о ANODE 


COMMON 


DIMENSIONS IN ит (1/1000 INCH) 


Outline 04B 


Maximum Ratings (for Each Diode) 


Pulse Power Incident at T4 = 25°С................................................. 1W 
Pulse Width = 1 us, Du = 0.001 

CW Power Dissipation at T, = 25°С........................................ 150 mW 
Measured in an infinite heat sink derated linearly 
to zero at maximum rated temperature 


Topr — Operating Temperature Range ..................... -65°C to +175 °C 
T stg — Storage Temperature Range ............ ...............-65°C to +200°C 
Minimum Lead Strength ................... КӨБЕН 4 grams pull on any lead 
Diode Mounting Temperature ..........................950*C for 10 sec. max. 


These diodes are ESD sensitive. Handle with care to avoid static. 
discharge through the diode. 
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Applications These dual beam leads are .. Class I, II, or III type double | 


The beam lead diode is ideally intended for use in balanced balanced mixers. 

suited for use in stripline or mixers and in even harmonic É Е in 
microstrip or coplanar wave- anti-parallel pair mixers. Вз Bonding and Handling 
guide circuits. Its small physical using several of these devicesin Procedures Я NE 
size and uniform dimensions. the proper configuration it is See page 3-45. | 
give it low parasiticsand | = easy to assemble bridge quads, " ` 

repeatable RF characteristics star quads, and ring quads for 

through K-band. | | 


AC, | Voltage | АУ; | ` 
Ст (pF) | (pF) | W (mV) | (mV) | (nÀ) ` 






—A DC Load Resistance - 0 О 
LO Power = 1 mW 
Ip = 30 MHz, 1.5 dB NF 











Note: 
1. Standard Hi-Rel program available on HSCH-5511 and HSCH-5531. (See Tables II, III, and IV.) Others are available upon 
request. 
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Typical Detector Characteristics at T, = 25°С | Ж 
Medium Barrier and Low Barrier (DC Bias) | | | mE О | 
"Parameter | Symbol | Typical Value 
Voltage Sensitivity | у | so | им | Roin 
Video Bandwidth = 2 MHz о 
_ | am |а | 1108 


Parameter | Symbol Typical Value Test Conditions | 
Tangential Sensitivity TSS | 4 | dm Zero Bias, Zero Bias, | 
ix | | mo | | Pin = -30 dBm, | 
Voltage Sensitiviy naw | mcn 

| | Video Bandwidth = 2 MHz 


f= 10 GHz 












Video Resistance 


Barrier (Zero Bias) 


` 


Š 
8 











Typical Parameters 


l Ж Ж > 
УЙ || 


0.4 0.6 |. 0.8 


Іс — FORWARD CURRENT (тА) 
© 
|= — FORWARD CURRENT (mA) 





0 0.2 0.4 0.6 0.8 1.0 
Vr — FORWARD VOLTAGE (V) Vr — FORWARD VOLTAGE (V) 


Figure 1. Typical Forward Characteristics for Medium Figure 2. Typical Forward Characteristics for Low 


m: Beam Lead Diodes. HSCH-5520 and HSCH-551X Barrier Beam Lead Diodes. HSCH-5540 and HSCH-553X 
rics. E Series. | | 
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mA Figure 4. Typical Admittance Characteristics with 
External Bias. HSCH-5510, -5520, -5530, and -5540. 





Figure 5. Typical Admittance Characteristics with Self Figure 6. Typical Admittance Characteristics with 
Bias. HSCH-&518, -5538. External Bias. HSCH-5518, -5538. 





al * | . Figure 8. Typical Admittance Characteristics with 
2 МА, етуі Admittance Characteristics with Self E 1 Bias. HSCH-5514, -5534. 
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NOISE FIGURE (dB) 





ol 4 8| 12 16 20 24 | 28 
Е | | . 20 
FREQUENCY (GHz) 


Figure 9. Typical Noise Figure vs. Frequency. 


Models for Each Beam Lead Schottky Diode 


HSCH-5510, -5520, -5530, -5540 
1 mA Self Bias 


0.030 pF 


0.04 nH 267 Q 


0.1 nH 119 


0.11 pF 


HSCH-5514, -5518, -5534, -5538 
Self Bias 


0.02pF | 


R4 R2 


0.1 nH 


HSCH-5518, -5538 


HSCH-5514, -5534 





HSCH-5510, -5520, -5530, -5540 
External Bias 


0.03 pF 


0.04 nH Rj 


0.1 nH 110 


С) 















20 pA DC Bias 50 uA DC Bias 150 4A DC Bias 
Part Numbers — | № | GG С ФР GP | 





HSCH-5518, -5538, -5514, -5534 
External Bias 


0.02 pF 


Rs Rj 
0.1 nH 
Cj 









| . ФОНАПС Bias 50 pA DC Bias 150рА DC Bias | 
Part Numbers Rs © н, €) 





НЗСН 5518, 5638 | 28 | 1240 | oii | 47 | ёз | 02 | 27 | 21 | 013 
HSCH.5514, 5534 | 51 | 2050 | ов | 39 | 665 | 049 | 47 | 242 | o2 - 
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Up 





Beam Lead Schottky Diode 


Ring Quads for Double 
Balanced Mixers Operating 





to 26 GHz 
Technical Data 


Features 


е Monolithic Ring Quads 
Closely Matched Electrical 
Parameters 


° Low Capacitance 
0.10 pF Max. at 0 V 

е Planar Surface 
Easier Bonding, Stronger 
Leads 

e Platinum Tri-Metal System 
High Temperature Stability 

* Polyimide Scratch Protec- 
tion 

e Silicon Nitride Passivation 
Stable, Reliable Performance 


Description 


These beam lead diode quads 
are constructed using a metal- 
semiconductor Schottky barrier 
junction. Advanced epitaxial 
techniques and precise process 
control insure uniformity and | 
repeatability of this planar 
passivated microwave semicon- 
ductor. À nitride passivation 
layer provides immunity from 
contaminants which could 
otherwise lead to Ip drift. 








HSCH-5800 Series 








i 









— e ad d d Я 






































160 (6.0 Ж 
120 (5.0) 2222220 2 — 
=й 
| @ 
QUIA 
; 1⁄2 IM 
ў 
180 (7.0) 
ае 
12 (0.5) 
8 (0.3) - | 
PLATINUM METALLIZATION | 
60 (2.4) 
40 (1.5) 
DIMENSIONS IN um (1/1000 inch) 
Outline 03 
Maximum Ratings 
CW Power Dissipation at Ty pap = 25°C................... 150 mW/junction 
Derated linearly to zero at maximum rated temperature. 
Торв — Operating Temperature Range ..................... -65?C to +175 °С 
Tsrc — Storage Temperature Range........................... -65?C to -200?C 
Minimum Lead Strength .............................. 6 grams pull on any lead 
Diode Mounting Temperature .......................... 350°С for 10 sec. max. 


These diodes are ESD sensitive. Handle with care to avoid static 
discharge through the diode. 
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Applications 

These diodes are designed for 
use in double balanced mixers, 
phase detectors, AM modulator, 
and digital modulators 
requiring wideband operation 
and small size. The outline 
geometries are designed to 
balance the internal lead 


inductance for optimal 
performance at higher 
frequencies. The monolithic 
construction results in 
inherently low parasitics and 
extremely tight uniformity. The 
low barrier diodes allow for 
optimum mixer noise figure at 
lower than conventional local 


Electrical Specifications at Т, = 25°C 


Schottky diode resistance may 
be expressed as series 
resistance, Rs, or as dynamic 
resistance, Rp. These two terms 
are related by the equation 


Rp = Rs + R; 
where R; is the resistance of the 
junction. Junction resistance of 
a diode with DC bias is quite 
accurately calculated by 
R; = 26/Ip 
where Ij is the bias current in 


milliamperes. The series resis- 
tance is independent of current. 


The dynamic resistance is more 
easily measured. If series 
resistance is specified it is 





Maximum 


oscillator level. The wider | 
dynamic range of the medium 


barrier diodes allows for better 


distortion performance. 


Bonding and Handling 
Procedures 
See page 3-45. 


Maximum 


F 
Difference | 


AVF (mV) 


usually obtained by subtracting 
the calculated junction resis- 
tance from the measured 
dynamic resistance. 


Quad Capacitance 


Capacitance of Schottky diode 
quads is measured using an 
HP4271 LCR meter. This 
instrument effectively isolates 
individual diode branches from 
the others, allowing accurate 
capacitance measurement of 
each branch or each diode. The 
conditions are: 20 mV R.M.S. 
voltage at 1 MHz. HP defines 
this measurement as "См," and 
it is equivalent to the capaci- 
tance of the diode by itself. The 
equivalent diagonal and 
adjacent capacitances can then 
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Measured across adjacent leads 





be calculated by the formulas 
given below. 


In a quad, the diagonal capaci- 
tance is the capacitance 
between points А and B as 
shown in Figure 2. The diagonal 
capacitance is calculated using 


the following formula: 
C _ С: x O; C, x C, 
DIAGONAL C+C °С, +С, 


The equivalent adjacent capaci- 
tance is the capacitance between 
points А and C in Figure 2. This 
capacitance is calculated using 
the following formula: 


CADJACENT = ©, + 1 
— + — + — 
2 С; С. 





Typical Characteristics 


ір (mA) 


IF (mA) 





Vr (V) 





Figure 1. Typical Forward Characteristics for Low Figure 2. Typical Forward Characteristics for Medium 
Barrier Diodes. HSCH-583X Series. Barrier Diodes. HSCH-581X Series. 
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PACKARD 
Beam Lead Schottky Diode 
Bridge Quads for Double- 
Balanced Mixers and 
Samplers 
Technical Data 
HSCH-5900 Series | 


Features 

e Monolithic Bridge Quads 
Closely Matched Electrical 
Parameters 
Low, Medium, High Barrier 

e Planar Surface 
Easier Bonding 

e Platinum Tri-Metal System 

. High Temperature Stability 

e Polyimide Scratch Protec- 
tion 

e Silicon Nitride Passivation 
Stable, Reliable Performance 


Description/ 
Applications 

These beam lead diode quads 
are constructed using a metal- 
semiconductor Schottky barrier 
junction. Advanced epitaxial 
techniques and precise process 
control ensure uniformity and 
repeatability of this planar 
passivated microwave semicon- 
ductor. À nitride passivation 
layer provides immunity from 
contaminants which could 
otherwise lead to Ip drift. 


These diodes are designed for 
use in double balanced mixers 
and sampling circuits requiring 


wideband operation and small - 


size. The monolithic construc- 
tion results in inherently low 















EZZ 
140 (5.5 Z—— 
100 (4.0) | 


і 
490 (19.0) 
450 (18.0) 






= 
2722 


CATHODE 
220 (9.0) 
180 (7.0) _ 
60 (2.4) 
45 (1.8) 





| 12 (0.5) 
8 (0.3) 


DIMENSIONS IN um (1/1000 inch) 


Outline 08B 


parasitics and extremely tight 
uniformity. The wide dynamic 
range of medium barrier diodes 
allows for good distortion 
performance. 
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Assembly Techniques 


Thermocompression bonding is 
recommended. Welding, ultra- 


sonic bonding, solder, or conduc- 
tive epoxy may also be used. For 





additional information see Lead Device Bonding to Soft 

Application Note 979, "The Substrates". 

Maximum Ratings 

CW Power Dissipation at Ti gap = 25°С................... 150 mW/junction 
_ Derated linearly to zero at maximum rated temperature. 

Тора — Operating Temperature Range ...................... -65°C to +175°C 

T stg — Storage Temperature Капре........................... -65?C to +200°С 

Minimum Lead Strength .............................. 6 grams pull on any lead 


Diode Mounting Temperature TM 


Handling and Bonding of Beam 
Lead Devices Made Easy", or- 
Application Note 992, "Beam 
Lead Attachment Methods", or 
Application Note 993, "Beam 


——Q 350°С for 10 sec. max. 


These diodes are ESD sensitive. Handle with care to avoid static 


discharge ша the diode. 


Electrical Specifications at T, = 25°С 


Fre- 
Number meng 
HSCH- Band Barrier 


5938 Low 
5918 6 is Medium 
5958 LE 


5932 Ku 
5912 18 GHz Medium 
5952 High 
Test Conditions Vgz0V 
| fz1MHz 


Dynamic and Series 
Resistance 

Schottky diode resistance may 
be expressed as series 
resistance, Rs, or as dynamic 
resistance, Rp. These two terms 
are related by the equation 


= Rs + R, 


where R; is the resistance of the 
junction. Junction resistance of 
a diode with DC bias is quite 
accurately calculated by 


R; == 26/Ip 


Maximum 


Capacitance 








Maximum 






Difference 


"| a 
375 
500 
675 


Measured across adjacent leads 


Ip = 5 mA 


where Ij is the bias current in 
milliamperes. The series resis- 
tance is independent of current. 


The dynamic resistance is more 
easily measured. If series 
resistance is specified it is 
usually obtained by subtracting 
the calculated junction resis- 
tance from the measured 
dynamic resistance. 


Quad Capacitance 
Capacitance of Schottky diode 
quads is measured using an 
HP4271 LCR meter. This 
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Bonding and Handling 
Procedures 


` See page 3-45. 







instrument effectively isolates 
individual diode branches from | 
the others, allowing accurate 
capacitance measurement of ` 
each branch or each diode. The ` 
conditions are: 20 mV R.M.S. 
voltage at 1 MHz. HP defines 
this measurement as "Cy," and 
it is equivalent to the capaci- 
tance of the diode by itself. The 
equivalent diagonal and | 
adjacent capacitances can then > 
be calculated by the али. 
given below. . 


In a quad, the diagonal capaci- The equivalent capacitance is 
tance isthe capacitance  _ Ње capacitance between points 
between points A and B as A and C in Figure 2. This 
shown in Figure 2. The diagonal capacitance is calculated using 
capacitance is calculated using the following formula: 


the following formula: x 
o битв 
C,xC,  CyxC, | "ADACENDT1*71—1—1 
CpiAGONAL = ——ə— +—— oo 
C,+C, C+C, m C, C, C, 
Typical Parameters | 
100 





HA 
Дж 
ТЦ 


| Il 
WEIT 






IF - FORWARD CURRENT (mA) 
` IF - FORWARD CURRENT (mA) 
© 





01 | 011 
0 n 0.4 0.6 0.8 1.0 1.2 1.0 1.2 
V p - FORWARD VOLTAGE (У) V p - FORWARD VOLTAGE (У) 
Figure 1. Typical Forward Characteristics for Medium Figure 2. Typical Forward Characteristics for Low 
Barrier Beam Lead Diode, HSCH-5918. Barrier Beam Lead Diode, HSCH-5938. 





= Б 
Š Œ 10 
5 5 
° о 
= Е 10 
> z 
< < 
О 2 
+ u 01 
0.2 0.4 0.6 0.8 1.0 1.2 1.4 ы 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 
Vg- FORWARD VOLTAGE (V) V f - FORWARD VOLTAGE (V) 
Figure 3. Typical Forward Characteristics for High Figure 4. Typical Forward Characteristics for Medium 
Barrier Beam Lead Diode, HSCH-5958. Barrier Beam Lead Diode, HSCH-5912. 
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IF - FORWARD CURRENT (mA) 


IF - FORWARD CURRENT (mA) | 





016 701 02 03 04 05 06 07 08 09 0 02 04 06 08 10 12 
V p - FORWARD VOLTAGE (V) V p - FORWARD VOLTAGE (V) 
Figure 5. Typical Forward Characteristics for Low — Figure 6. Typical Forward Characteristics for High 
Barrier Beam Lead Diode, HSCH-5932. Barrier Beam Lead Diode, HSCH-5952. 
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GaAs Beam Lead — й 


Barrier Г Diodes 


Technical Data 


Features 


e Gold Tri-Metal System 
For Improved Reliability 


е Low Capacitance 

е Low Series Resistance 
e High Cutoff Frequency 
e Polyimide Passivation 


e Low Noise Figure Through | 


К, Band 
Guaranteed at 44 GHz 


e Multiple Confi gurations | 


Description s 
The HSCH-9101 single, the 


HSCH-9201 series pair, and the ` 


HSCH-9251 anti-parallel pair — 
are advanced gallium arsenide 
Schottky barrier diodes. These 
devices are fabricated utilizing 
molecular beam epitaxy (MBE) 
manufacturing techniques and 
feature rugged construction and 
consistent electrical perform- 
ance. A polyimide coating ` 
provides scratch protection and 
resistance to contamination. 


HSCH-9101 | 
HSCH-9201 
HSCH-9251 


-HSCH-9101 ` 











183 (7.2) 270 (10.6) 
178 (7.0) 190 (7. 5) 








115 (4.5) 


106 (4.1) | 





280 (11.0) 
200 (7.8) 





_ HSCH-9201 





HSCH-9251 
Junction Si de 
Up 












183 (7.2) 270 (10.6) , | | 
178 (7.0) 190 (7.5) 


" 636 (25.0) — f 5123, 








DIMENSIONS ІМ um (1/1000 inch) 


L = 0.1 nH 
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Applications Assembly Techniques Application Note 992, "Beam 
This line of Schottky diodes is Thermocompression bonding is Lead Attachment Methods," ог 
optimized for use in mixer appli- recommended. Welding, ultra- Application Note 993, "Beam 


cations at millimeter wave sonic bonding, solder, or conduc- Lead Device Bonding to Soft 
frequencies. Some suggested tive epoxy may also be used. For Substrates." 
mixer types are single ended additional information see n | 3А 
and single balanced for the Application Note 979, "The GaAs diodes are ESD sensitive. 
single and series pair. The anti- Handling and Bonding of Beam Proper precautions should be 
parallel pair is ideal for ^ — Lead Devices Made Easy," or used when handling these 
harmonic mixers. | — Е devices. 
Maximum Ratings Bonding and Handling 
Power Dissipation at T; pap = 25°С...................... 75 mW per junction Procedures 

Measured in an infinite heat sink derated linearly See page 3-45. 

to zero at maximum rated temperature 
Operating Temperature.............................................. -65?C to +150°С 
Storage Temperature................................................... -65?C to +150°С 
Mounting Temperature....................................... 235°С for 10 seconds 
Minimum Lead Strength ......................................................... 6 grams 


Part Number ae HSCH-9101 HSCH-9201 |. HSCH-9251 


Symbol| Parameters and Test Conditions 


š 


СО! | Junction Capacitance 
Үр = 0 V, f= 1 MHz 


Cil | Junction Capacitance Difference 
mV 


Va = 0 У, f= 1 MHz | 


RS | Series Resistance | 


ш 

MEN 

š = 
Ig = 1 mA 

| Forward Voltage mV ш 
| Ip =10mA 

a, 

| 125 


| A Forward Voltage Difference 


EE 
o 


Ур mV 
Ip = 1 mA and 10 mA 
Var | Reverse Breakdown Voltage V 
Vg = Var measure Ip < 10 pA | 
(per junction) 
Noise Figure at 44 GHz | dB | 


Standing Wave Ratio at Noise Figure 
ЕГЕН IF Impedance at Noise Figure — | 





- 


3. Noise figure is determined by lot sampling (LTPD = 15), LO power = 6 dBm, IF = 90 MHz, and the IF noise figure (1.5 dB) is 
included. п 


3-40 


Typical Parameters 





š 
$ 
О 
< < 
2 G 
z š 
uj 
Е u 
o 
Е Š 
š ^ 
° с 
9 
2 
© 
2 
FORWARD VOLTAGE (V) | LOCAL OSCILLATOR POWER (dBm) 
1. Typical Forward Characteristics for HSCH- Figure 2. Typical Noise Figure and LF. Impedance vs. 
9101, HSCH-9201, and HSCH-9251. Local Oscillator Power, for HSCH-9101 and HSCH-9201. 
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PACKARD 
GaAs Beam Lead Schottky 
Barrier Ring and и 
Diodes 
Technical Data (s 
HSCH-9301 


HSCH-9351 











Features | 105 (4.1) 
е Gold Tri-Metal System - PS 


For Improved Reliability 
е Low Capacitance | 
е Low Series Resistance i 
е High Cutoff Frequency 






756 (29.8) 
746 (29.4) 





390 (15.4) 

































* Polyimide Passivation T uS 20022 
105 (4.1) 
Description 
The HSCH-9301 ring quad and dps E 
the HSCH-9351 bridge quad are 266 (10.5) 178 (7.0) 
advanced gallium arsenide kawa ве" 5104 
Schottky barrier diodes. These Li 
devices are fabricated utilizing s (d 
molecular beam epitaxy (MBE) 50 (2.0) DIMENSIONS IN ym (1/1000 inch) 
manufacturing techniques and 
feature rugged construction and HSCH-9301 


consistent electrical perform- 


125 (4.9) 
ance. А polyimide coating 105 N" B 





° ° 183 (7.2) 
provides scratch protection and 178 (7-0) 


resistance to contamination. 









Applications |. 
This line of Schottky diodes is 


756 (29.8) 
746 (29.4) 

























° ° . ° ° ° 390 (15.4) 
optimized for use in mixer appli- Т; 310 (12.2) 
e ewe 125 (4.9) 
cations at millimeter wave 105 (4.1) 
frequencies. Some suggested 
mixer types are double balanced 
for the ring quad and biased 346 (13.6) 183 (7.2) 
266 (10.5) 178 (7.0) 


double balanced for the bridge 


712 (28.0) 0.4 
quad. The bridge quad can also ri 702 (27.8) | Г 7103 








be used in sampling circuits. quce m 
= 20 DIMENSIONS IN um (1/1000 inch) 
HSCH-9351 
Junction Side Up 
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L = 0.1 nH 


L = 0.1 nH 


Assembly Techniques Maximum Ratings 


Thermocompression bonding is Power Dissipation at T, gap = 25°C ...................... 75 mW per junction 


recommended. Welding, ultra- Measured in an infinite heat sink derated linearly | 

sonic bonding, solder, or conduc- to zero at maximum rated temperature 

tive epoxy may also be used. For Operating Temperature.............................................. -65°С to +150°С 
additional information see Storage Temperature................................................... -65°С to +150°С 
Application Note 979, "The Mounting Temperature....................................... 235°C for 10 seconds | 
Handling and Bonding of Beam Minimum Lead Strength ......................................................... 6 grams 


Lead Devices Made Easy," or 
Application Note 992, "Beam 
Lead Attachment Methods," or 
Application Note 993, "Beam 
Lead Device Bonding to Soft 
Substrates." 


GaAs diodes are ESD sensitive. 
Proper precautions should be 
used when handling these 
devices. 


Electrical Specifications at T, = 25°С 
Part Number 
Parameters and Test Conditions 


Measured Capacitance 
| Үр = 0 V, f= 1 MHz 


Cr, | Total Adjacent Capacitance 
Үр = 0 V, f= 1 MHz 


Стр | Total Diagonal Capacitance Ж 
Ур = 0 V, f= 1 MHz 
АСм 


Measured Capacitance Difference 
Va =0V,f= 1 MHz | 


Forward Voltage mV 


5 
C) 
= 
š 
іші 
2 
m 
z 
= 


e 
| e 
-4 

Q 

© 

қа 

© 

© 


Units 


d 
Р 
Ё 
3 
f 









Ip =1тА | 


АУ; | Forward Voltage Difference 
Ip -1mA ` I 
Ver Reverse Breakdown Voltage 






Ve = Ver Measure 
Ip < 10 pA (per junction) 


EE 
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Typical Parameters 


FORWARD CURRENT (mA) 


FORWARD VOLTAGE (V) 





Figure 1. Typical Forward Characteristics for HSCH-9301, HSCH-9351. 


Dynamic and Series 
Resistance 


Schottky diode resistance тау | 


be expressed as series | 
resistance, Ке, or as dynamic 
resistance, Вр. These two terms 
are related by the equation 

_ Вр = Rs + В, 
where В, is the resistance of the 
junction. Junction resistance of 
a diode with DC bias is quite 
accurately calculated by 


| R; = 26/Ip 


where Ір is the bias current in | 


milliamperes. The series .. 
resistance is independent of 
current. | 


The dynamic resistance is more 
easily measured. If series 
resistance is specified it is 
usually obtained by subtracting 
the calculated junction resis- 
tance from the measured 
dynamic resistance. 


Quad Capacitance 


Capacitance of Schottky diode 
quads is measured using an 
HP4271 LCR meter. This 


instrument effectively isolates _ 
_ individual diode branches from 


the others, allowing accurate 
capacitance measurement of 
each branch or each diode. The 
conditions are: 20 mV R.M.S. 


voltage at 1 MHz. HP defines 


this measurement as "Cy," and 


. it is equivalent to the capaci- : 
tance of the diode by itself. The 


equivalent diagonal and 


. adjacent capacitances can then 
be calculated by the formulas 


given below. 


In а quad, the diagonal capaci- 


tance is the capacitance 
between points А and B as 


shown in Figure 2. The diagonal 


capacitance is calculated using 
the following formula 
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Сі x С. C, x C, 


C - | 
— C;*€; С,- C, | 


РИА 


The equivalent capacitance is 
the capacitance between points 

А and C in Figure 2. This | 
capacitance is calculated using _ 


. the following formula 


Capsacent = Сі + — г”. 
| | жле ТЫ 
Со С; C, 


Bonding and Handling 
Procedures for Beam 
Lead Diodes 


1. Storage 

Under normal circumstances, 
storage of beam lead diodes in 
HP supplied waffle/gel packs is 
sufficient. In particularly dusty 
or chemically hazardous 
environments, storage in ап 
inert atmosphere desiccator is 
advised. 


2. Handling 

In order to avoid damage to 
beam lead devices, particular 
care must be exercised during 
inspection, testing, and assem- 
bly. Although the beam lead 
diode is designed to have 
exceptional lead strength, its 
small size and delicate nature 
requires that special handling 
techniques be observed so that 
the devices will not be mechan- 
ically or electrically damaged. A 
vacuum pickup is recommended 
for picking up beam lead | 
devices, particularly larger 
ones, e.g., quads. Care must be 
exercised to assure that the 
vacuum opening of the needle is 
sufficiently small to avoid 
passage of the device through 
the opening. А #27 tip is recom- 
mended for picking up single 
beam lead devices. А 20X mag- 
nification is needed for precise 
positioning of the tip on the 
device. Where a vacuum pickup 
is not used, a sharpened wooden 
Q-tip dipped in isopropyl alcohol 
is very commonly used to 
handle beam lead devices. 


3. Cleaning 


For organic contamination usea 


warm rinse of trichloroethane 
followed by a cold rinse in 
acetone and methanol. Dry 
under infrared heat lamp for 5- 
10 minutes on clean filter paper. 
Freon degreaser may replace 
trichloroethane for light organic 
contamination. 


е Ultrasonic cleaning is not 
recommended. 


* Acid solvents should not be 
used. 


4. Bonding 

See Application Note 992, 
"Beam Lead Attachment 
Methods", for a general descrip- 
tion of the various methods for 
attaching beam lead diodes to 
both hard and soft substrates. 


Thermocompression: See 
Application Note 979 "The 
Handling and Bonding of Beam 
Lead Devices Made Easy". This 
method is good for hard sab- 
strates only. 


Wobble: This method picks up 
the device, places it on the 
substrate and forms a thermo- 
compression bond all in one 
operation. This is described in 
MIL-STD-883, Method 2017 and 
is intended for hard substrates 
only. Equipment specifically 


_ designed for beam lead wobble 


bonding is available from 
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KULICKE and SOFFA in 
Horsham, РА. | 


Ultrasonic: Not recommended. 


Resistance Welding or 
Parallel-GAP Welding: To 
make welding on soft substrates 
easier, a low pressure welding 
head is recommended. Suitable 


_ equipment is available from 


HUGHES, Industrial Products 
Division in Carlsbad, CA. 


For more information, see 
Application Note 993, "Beam 
Lead Diode Bonding to Soft 
Substrates". 


Epoxy: With solvent free, low 
resistivity epoxies (available 
from ABLESTIK in Gardena, 
CA, MICON in Lexington, MA, 
and many others) and improve- 
ments in dispensing equipment, 
the quality of epoxy bonds is 
sufficient for many applications. 
Equipment is available from 
ADVANCED SEMICONDUC- 
TOR MATERIALS AMERICA, 
INC., Assembly Products Group 
in Chandler, AZ (Automatic), 
and WEST BOND in Orange, 
CA (Manual). | 


Reflow: By preparing the sub- 
strate with tin or solder plating, 
reflow soldering can be suitably 
performed using a modified wire ` 
bonder. The probe is used as a 
soldering tip. WEST BOND or 
UNITEK bonders make suitable 
bonds. 


HEWLETT 
PACKARD 


Гг 





Zero Bias Schottky Diodes for 


Mixers and Detectors 


Technical Data 


Features 

° High Voltage Sensitivity - 

е № Bias Required 

* Choice of High or Low 
Video Impedance. 


Description/ 
Applications. 

The high zero bias voltage 
sensitivity of these Schottky 
barrier diodes makes them | 
ideally suited for narrow band- 
width video detectors, ECM 
receivers, and measurement ` 
equipment. These diodes also | 
make excellent mixers for use 


with low power LO. “согон DOT 71.98 (07 
Package | E "D 7 
The HP Outline 15 package has | 

a glass hermetic seal with gold 


plated Dumet leads which 
should be restricted so that the 
bend starts at least 1/16" (1.6. 
mm) from the glass body. With ` 
this restriction, it will meet 
MIL-STD-750, Method 2036, 
Condition A (4 lb. [1.8 kg] 
tension for 30 minutes). The 
maximum soldering tempera- 
ture is 230?C for 5 seconds. 
Marking is by digital coding 
with a cathode band. 








HSCH-3206/07 | 
HSCH-3486 | 








CATHODE END 








DIMENSIONS IN MILLIMETERS AND (INCHES). 


Outline 44 
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The HP Outline 49 package has 
a metal-ceramic hermetic seal. 
The anode and cathode studs 
are gold-plated Kovar. The 
maximum soldering tempera- 
ture is 230?C for 5 seconds. 
Stud-stud TIR is 0.010" max. 


The HP Outline 44 package is a 
hermetically sealed ceramic 
package. The anode and cathode 
are gold-plated Kovar. The 
maximum soldering tempera- 
ture is 230?C for 5 seconds. 


Maximum Ratings | 


Operating and Storage Temperature Range ............ -65?C to +150 °С 
CW Power Dissipation at Tcasg = 25°C | | 
HSCEH:3205. -320 T uiteeseesus este eisuede ооо ынай 200 mW 
FS C3480 c ГК О ГЛ ГГ 300 mW 
Derate Linearly to 0 W at 150°С 
Pulse Power Dissipation at Toasp = 25°C 
Peak power incident. _ 
TiS palse Dus 0 ООЛ КИ о ЕТКЕ ТЕ 1W 


These diodes are ESD sensitive. Handle with care to avoid static 
discharge through the diode. 


Electrical Specifications at T, = 25°С 


Package 
Outline 


Part 
Number 


HSCH-3207 


| ^4 | 42 | 8 = 
"нөснәә | э | ае | 5 - 
8 и 


HSCH-3486 


















| 


.01 


VOLTAGE OUT (V) 


.001 


.0001 


POWER IN (dBm) 


Figure 1. Typical Dynamic Transfer Characteristics. 





HSCH-3486 
HSCH-3206 
HSCH-3207 


24 TUNED AT EACH LEVEL 
-40 2220 0 









Maximum Minimum Video Typical | 
Tangential Voltage Resistance Total 
Sensitivity Sensitivity _ || Capacitance 
TSS (dBm) ү (mV/uW) 












Video Bandwidth 
= 2 MHz 
= 10 GHz 


Power in = -30 dBm 
R, => 10 МО, Дав = 0 









frest 





" | 
HSCH-3206 


HSCH-3207 si 


FORWARD CURRENT (mA) 





20 


FORWARD VOLTAGE (V) 


Figure 2. Typical Forward Characteristics at T, = 25°C. 
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Typical Characteristics (cont.) 


1 


REVERSE CURRENT (mA) 
VOLTAGE SENSITIVITY (mV/uW) | 





REVERSE VOLTAGE (V) | | ^ FREQUENCY (GHz) 
Figure 3. Typical Reverse Characteristics at T, = 25°C. ` Figure 4. Typical Voltage Sensitivity vs. Frequency. 


TANGENTIAL SIGNAL SENSITIVITY (-dBm) 
VOLTAGE SENSITIVITY (mV/uW) 





FREQUENCY (GHz) BIAS CURRENT (uA) 
Figure 5. Typical Tangential Sensitivity vs. Frequency. Figure 6. Typical Voltage Sensitivity vs. Bias Current. 


INET: Мона | | _ ПГ 
Г тн an Meee 
ТЕТЕ 
ШИШИШИ ы. 
— m 


label ole SLT TI. 
аар" NEN 


35 
75 x 175 


58 50 60 





















FREQUENCY 10 GHz 
RL = 464K OHM 


x № 

има 

ыы 

в ttititi iti it 
10 20 30 40 50 







TANGENTIAL SENSITIVITY (dBm) 


Ñ 
x 
ë 
Ж 
Ж 
E 
Ж 
ШЕНІ 
“гу 
NN 
Ж 
x 
x 
VOLTAGE SENSITIVITY (mV/uW) 
9 





TANGENTIAL SIGNAL SENSITIVITY (-dBm) 





BIAS CURRENT (uA) TEMPERATURE (° c) 


се: 7. Typical Tangential Sensitivity vs. Bias Figure 8. Effect of Temperature on HSCH-3486. 
urrent. 
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Typical Characteristics (cont.) 





ы š —— 2 
[| iy Е тж | 
| % | 
в ПРА Bin crt асай 
Pi tee Гыз 
4 о 4 


-20 -16 -12 -8 





REJECTION ОЕ THIRD ORDER INTERMODULATION (dB) 
(ЯР) 5501 NOISH3ANOO 3AILV 13H 





L.O. POWER (dBm) 


Figure 9. Mixer Performance. i Figure 10. Typical Admittance Characteristics, Е 
Е HSCH-3206. 





Figure 11. Typical Admittance Characteristics, | Figure 12. Typical Admittance Characteristics, 
HSCH-3207. | š HSCH-3486. | 
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Г/г HEWLETT 


PACKARD 








(1-18 GHz) 
Technical Data 


Features 


е Low Parasitic Hermetic 
Package 
—High Frequency 
Performance 
—Meets Performance 
Standards of Space Level 
Testing 
• Lead Forming Option 
No Board Drilling Required 
ө Rugged Construction 
MIL-STD-750 Compliance 
° High Uniformity 
Tightly Controlled Process 
Insures Consistent 
Performance 
e Silicon Nitride Passiva- 
tion, Tri-Metallization 
Stable High Temperature 
Performance 


Description 

These Schottky barrier diodes 
are fabricated by advanced 
epitaxial techniques. Precise 
process control insures uniform- 
ity and repeatability of this 
planar beam lead microwave 
semiconductor. A nitride passi- 
vation layer provides immunity 
from contaminants which could 
otherwise lead to Ip drift. 


These diodes are packaged in 
the hermetic J package. Ad- 
vanced design and assembly 


Hermetic Schottky Diodes for 
Mixers and Detectors 


HSCH-6000 Series 





_ 0.13 (0.005) 
0.07 (0.003) Т 1.07 (0.042) 











0.38 (0.015) 
— — 0:30 (0.072) г" 0.76 (0.030) 
Ф A 1.80 (0.071 ТІ 
> 1.65 (0. TI 
1.96 db 0.077) 
1.60 (0.063) 
m 
3.56 (0.140) 
3.17 (0.125) 
ü ALL LEADS 
NEN: ^ 0.48 (0.019) 
0.33 (0. "IH 
Ср = 0.07 pF 
Outline J-2 
0.13 (0.005) 
° 0.07 (0.003) " | ü 
Үз — Ш 1.07 (0.042) 
l 0.76 (0.030) 
3.56 wa l 140) 
3.17 (0.125) 
ALL LEADS TTL 
1.60 (0.063) 
OCTAGON 





0.38 (0.015) | 0.48 (0.019) [ 
0.30 (0.012) | 0.33 (0.013) | 











Outline J-3 
0.13 (0. ов —= 
45° 0.07 (0. 063] 
ЬЯ n (0.042) 
4 1.80 (0.071 zy шы 
3.56 (0.140) 1.65 (0.065 zy 
3.17 (0.125) 
E 
ALL LEADS 1.96 (0.077) 
[2 1.60 (0.063 063) 
OCTAGON 


0.38 (0.015) 0.48 (0.019) _ ы 
0.30 (0. 01012) — | 


0.33 (0.013 013) ^! 
Сроџдс = 0-06 pF Срдру = 0.07 pF 
Outline J-4 


DIMENSIONS IN MILLIMETERS AND (INCHES) 
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processes minimize package 
parasitics resulting in — 
performance. 


The body of the ы is 
alumina, while the leads are 
gold-plated over nickel-plated 
Kovar. The solder glass seal and 
rugged construction meet the 
stringent requirements of space- 
level testing and are capable of- 
meeting the environmental tests 
of MIL-STD-750. 


Applications 


These hermetic devices are 
designed for stripline and 
microstrip use. The design 
features extremely low package 
parasitics. The package outline 
also maximizes lead strength 
while reducing overall body size. 


This design is especially useful 


- operation. 


used in balanced mixers and 
can be configured to assemble | 
bridge, star, and ring quads for- 
. Class I, II, or III type double 
| balanced mixers. The quads are 
used as double balanced mixers, 


in environments requiring high 
frequency and/or wide bane 


The single diode can be used in 


either mixer or detector phase detectors, and AM and 
applications. The pairs can Бе digital modulators. 
Maximum Ratings 
Pulse Power Incident at Toasp = 25°C’ | | 
(1 из pulse, DC = 0.001) .........................-. —————— — 1W 
CW Power Dissipation at Tcasg = 25°C | 
Derate Linearly to Zero at 175°C........................... 150 mW/junction 
Operating Temperature Range ......................... .........-65°С to +175°С 
Storage Temperature Range ...................................... .-659С to +200°C - 
Soldering Temperature КТГ "— 290°С Мах. for 10: sec. 


These diodes are ESD sensitive. Handle with care to avoid satin. 
discharge through the diode. 


Electrical Specifications at Tcasg = 25°C 


Single Diode in J-2 ee 










Қай 


Кей 


7 E. at 
16 E. 


es 
es 


Test DC Load Resistance = 0 Q 
Conditions L.O. Power = 1 mW 


І, = 30 MHz, 1.5 dB NF 


7.2 at 1.5:1 
16 GHz 
6. PI at 
9.375 PI 


Maximum 
Total 
Capacitance 


_ Cy (pF) 
йтын 
= к= 
m] pu 
Ipz-5mA | Ip=1mA 










Ур-0У 
f = 1 MHz 
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Part 
Number 
HSCH- 


gure 
Min. ) _` 
6512 6.2 at | | | 
9.375 GHz "E К 
7.2 at 150 350 | ж. _ 375 | | 
16 GHz |] | 
| 6.2 at | 0.27 XN 
9.375 GHz | | | 


Test DC Load Resistance = 0 Q Vp =0V | Ір-І1ІтА 
f= 1 MHz 


Conditions L.O. Power = 1 mW 
Measured between adjacent leads. 





Breakdown | 
Max.| Voltage AC, | Voltage | ЛУ, 


Ст (pF) | (pF) | W (mV) | (mV) 









I, = 30 MHz, 1.5 dB NF 










Diode Quads in J-4 Package 


Fr Part 
quency | Number | 
Band HSCH- | Barrier 


е- 
Ku 
18 GHz | 6830 | Low _ 

12 GHz 


Test Conditions 


Capacitance 
Difference 






Measured between adjacent leads. 
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Typical Parameters | | EI. a 


100 





< < 
Е 10 Е 
= 5 
5 2 
cc (с 
5 5 
Q 1.0 о 
о о 
с tcc 
š $ 
5 5 

LL; 
T oa | 
г 2 

0.01 ! 0.01 
| 2 0.4 0.6 0.8 
0 0.2 04 0.6 0.8 1.0 | 09 š | mE 
МЕ — FORWARD VOLTAGE (V) Ve — FORWARD VOLTAGE (V) 


Figure 1. Typical Forward Characteristics for Medium Figure 2. Typical Forward Characteristics for Low. | : 
Barrier Diodes. Barrier Diodes. 


NOISE FIGURE (dB) 





12 4 8 9.375 12 16 


- FREQUENCY (GHz) 


Figure 3. Typical Noise Figure vs. Frequency. 
for J-Packages. | 
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Typical Parameters (cont.) 





. -90° 


Figure 4. Typical Admittance Characteristics with Figure 5. Typical Admittance Characteristics with 20 ДА 
20 pA External Bias. HSCH-6310, -6330. | External Bias. HSCH-6312, -6332. С | 


MODEL FOR J-2 PACKAGE SCHOTTKY DIODES MODEL FOR J-2 PACKAGE SCHOTTKY DIODES 


АТ 20 uA EXTERNAL BIAS HSCH-6310, -6330 . AT20 JA EXTERNAL BIAS HSCH-6312, -6332 
E 1.172 nH 0.058 nH NN жин 0.922 nH 0.03 пН ий 
37.50 шады 10042 | 5-5 | — did 12762 | M22 
0.0333 cm 0.0333 cm 0.0737 cm | 0.0737 cm 

| 0.117 pF 0.198 pF 
0.15 pF 0.028 pF 

Special Order Information 

In the event that mounting these diodes сап be ordered directly. Please 

in the circuit requires leads formed as refer to the following table for 

shown below, this lead configuration order information. Е 








Straight Lead Order Information 
Specify: Part Number (HSCH-6XXX) 
No Option Required 








ü [«— 0.01 7+0.005 ТУР. 


Formed Lead Order Information 
Specify: Part Number (HSCH-6XXX) 





40°+3° ТУР. 





n Option Number F01 
C | £ All electrical tests are made prior to lead 
| 0.007+0.003 | forming 
0.25+0.01 TYP. 
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Surface Mount RF Schottky 
Barrier Diodes | B 


Technical Data z 


Features | 

e Surface Mount SOT-23/ 
' SOT-143 Package 

e Low Turn-On Voltage — 
(As Low as 0.34 V at 1 mA) 

e Low FIT (Failure in Time) 

 Rate* 

ө Six-sigma Quality Level 

e Single, Dual and Quad | 
Versions 

e High and Low Profile 
Versions 

e Tape and Reel Options | 
Available 


*For more information see the Surface 


Mount Schottky — Data Sheet. 


Description/ 
Applications 

These Schottky diodes are 
specifically designed for analog 
and digital applications requir- 
ing devices in the SOT-23 and 
SOT-143 surface mount 
packages. This series offers a 


wide range of specificationsand | 
package configurations to give | 


the designer wide flexibility. 
Typical applications of these 
Schottky diodes are mixing, 
detecting, switching, sampling, 
clamping, and wave shaping. 


[д] -аскано 








HSMS-28XX Series 





Package Lead Code Identification. | 


TOP VIEW 


_ UNCONNECTED PAIR . RING QUAD 


SINGLE 
3 


SINGLE 


3 4 3 4 






SERIES 
3 | 






1 2 
#2 


— ANODE COMMON CATHODE 
3 



















Forward Current (1 цз Pulse) lAmp . 

Total Device Dissipation | _ 250 тууп! 
|. Peak Inverse Voltage Same as Ур 
| ‘Junction Temperature | 150?C 






Storage Temperature -65 to 150°С 


*Operation in excess of any опе of these conditions may result in permanent damage 
to this device. 


Note: 
1. CW Power Dissipation at Tj кдр = 25°C. Derate to zero at maximum ией 
temperature. 


Ordering Information 
See page 14-14. 
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Electrical Specifications T, - = 25°С, Single Diode ` 









Single 
Single 
Series 
| Common Anode 
Common 
Cathode 
Unconnected 
Pair 
Ring хайё 
Bridge Оха! 





















"2810 ` 
(1N5712) 


Single ` 

Single 

Series 

. 4 Common Anode 

Common 
Cathode 

Unconnected 
Pair 

Ring Quadiel 

Bridge Quadte! 



















Single 
Single 
Series 
_ | Common Anode 
Common 

| Cathode 

| Unconnected 
| Pair 

| Ring Quadt6€ 
Bridge Quadl6! 














Test Conditions 





Notes: 
1. ДУр for diodes in pairs and — in 15 mV maximum at 1 тА. | | 
2. АСто for diodes in pairs and quads is 0.2 pF maximum. 1. жа 
3. Package marking code is in white. Package marking codes for low profile are designated bya suffix "Ln 
4. Effective Carrier Lifetime (t) for all these diodes is 100 ps maximum measured with Krakauer method at 5 ша, except HSMS. 
282X which is measured at 20 mA. | m | 
5. Batch Matching available upon — 
ДУр = 10 mV at 10 mA; ; 
AC, = 0.1 pF at 0 V. 
Minimum batch size = 100. 
6. See section titled "Quad Capacitance." 
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Quad Capacitance In a quad, the diagonal capaci- Тһе equivalent adjacent 


Capacitance of Schottky diode tance is the capacitance capacitance is the capacitance 
quads is measured using an between points А and В as between points A and Cin © 
HP4271 LCR meter. This shown in figure below. The . figure below. This capacitance is 
instrument effectively isolates diagonal capacitance is . ,:ealculated using the following 
individual diode branches form calculated using the following formula. 

the others, allowing accurate formula ` . | Е 221 
capacitance measurement of |. |00 СіхС, C,xC4 CADJACENT = Сіз 

each branch or each diode. The ÜpiacoNAL = —— + ———— IEEE 4 1 á 1l 
conditions are: 20 mV R.M.S. m C; «Сг Сз +С, С; O0 


voltage at 1 MHz. HP defines 
this measurement аз "СМ", апа | Je 
it is equivalent to the capaci- С is : 


tance of the diode by itself. The C m. 
equivalent diagonal and adja- | 
C 


cent capacitances can then be 
calculated by the formulas given 
below. 





Typical Parameters at Т, = 25°С (unless otherwise noted), Single Diode 


| Tun же 







< < 
Е Е 10 
к = 
Ñ : 2 
3 Ju 7) ^ 
O а 
2 с 75° С 
< < 
о О | 
uL. ц. 
| | 1 
ar = 

01 

0 01 0.2 0.3 04 0.5 0.6 07 0.8 
Vp - FORWARD VOLTAGE (V) Vp — FORWARD VOLTAGE (М) 

Figure 1. Forward Current vs. Forward Voltage at . Figure 2. Forward Current vs. Forward Voltage at 


Temperatures - HSMS-2800 Series. . Temperatures - - HSMS-2810 Series. 
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Typical Parameters (cont'd.) | 


100 == 


lẹ — FORWARD CURRENT (mA) 





Ve — FORWARD VOLTAGE (V) 


Figure 3. Forward Current vs. Forward Voltage at 
Temperatures - HSMS-2820 Series. 





Va — REVERSE VOLTAGE (V) 


Figure 5. Reverse Current vs. Reverse Voltage at 
Temperatures- HSMS-2800 Series. — 


100,000 = 





ің - REVERSE CURRENT (nA) 


Va — REVERSE VOLTAGE (V) 


Figure 7. Reverse Current vs. Reverse Voltage at 
Temperatures - HSMS-2820 Series. 


IF — FORWARD CURRENT (mA) 





.01 | | 
0 01 02 03 04 05 06 07 08 09 
Ve — FORWARD VOLTAGE (V) 


Figure 4. Forward Current vs. Forward Voltage at 
Temperatures - HSMS-2840 Series. 


Ма — REVERSE VOLTAGE (V) 


Figure 6. Reverse Current vs. Reverse Voltage at | 
Temperatures - HSMS-2810 Series. ` 





Vg — REVERSE VOLTAGE (V) 


Figure 8. Reverse Current vs. Reverse Voltage at 
Temperatures - HSMS-2840 Series. 
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Typical Parameters (cont'd.) | 








_. u 

© 2 

ш 100 | ш 

9 HSMS - 2800 SERIES 9 

< HSMS - 2840 SERIES < 

o LS 

ë 5 

О Š 

5 10 | 

> H 

o HSMS - 2820 о 

| SERIES HSMS - 2810 

e SERIES 

03 npe 10 100 
|, — FORWARD CURRENT (mA) Vg — REVERSE VOLTAGE (V) 

Figure 9. Dynamic Resistance vs. Forward Current- ^ Ë Figure 10. Total Capacitance vs. Reverse Voltage - 
HSMS-2800 Series. | HSMS-2800 Series. 
% È 
М T 
9 2 

I : 

Q 

d d 

š Š 

q 

о о 

Vg - REVERSE VOLTAGE (V) Vg — REVERSE VOLTAGE (V) 

Figure 11. Total Capacitance vs. Reverse Voltage - Figure 12. Total Capacitance vs. Reverse Voltage - 


HSMS-2810 Series. HSMS-2820 Series. 


Ст — CAPACITANCE (pF) 





Vr — REVERSE VOLTAGE (V) 


Figure 13. Total Capacitance vs. Reverse 
Voltage - HSMS-2840 Series. 
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Package — 

Lead Material ....................................... Alloy 42 
Lead Finish ........................... .. Tin-Lead, 60-4096 
Max. Soldering Temperature ... 260?C for 5 sec 


Min. Lead Strength ..................... 2 pounds pull 
Typical Package 

Inductance ................... 2 ПН (opposite leads) 
Typical Package 


Capacitance ............. 0.08 pF (opposite leads) 


Package Dimensions. | 


TOP VIEW 


| 1.02 (0.040) 
0.89 (0.035) 








| PEE 0.54 (0.021) | END VIEW p 
PACKAGE = = 0.37 (0.015) | see 
MARKING : 





0.69 (0.027) ` 
0.45 (0:018) ` 


1.78 (0.070) | 


unl 
| 00610909; 


0.60 (0.024) 
0.45 (0.018) 


SIDE VIEW 
3.06(0.120 ` 
2.80 (0.110) 
|. 1.02 (0.041)* - 
$ 0-85(0.033) 


0.10 (0.004) 
0.013 (0.0005) 


. “STANDARD PROFILE OPTION: 
WITH MIN. MAX.OF ` 
0.85/1.20 MILLIMETERS, 
0.033/0.047 INCHES. 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 


_ Outline 23(SOT-23) 


— LL. 0.92 (0.036) 
E 0.78 (0.031) 






1.20 (0.047) | 210(008) | 












0.60 (0.024) ` 
0.45 (0.018) 0.54 (0.021) 
ЕЧ 0.37 (0.015) 
1.78 (0.070) 
3.06 (0.120) 
2.80 (0.110) 
| р ез олту 
_ 4 9-85(0033) 
| | 
0.10 (0.004)“ | 0.69 (0.027) А 
0.013 (0.0005) 






0.45 (0.018) 


"STANDARD PROFILE OPTION AVAILABLE FOR DIODES: `` 
WITH MIN/MAX. OF 0.85/1.20 MILLIMETERS, 

0.035/0.047 INCHES; 

*"STANDARD PROFILE OPTION AVAILABLE FOR DIODES: 
WITH MIN./MAX. OF 0.10/0.25 MILLIMETERS, | 
0.004/0.010 INCHES. = | 2.642 (0.104) 
2.108 (0.083) 


DIMENSIONS ARE IN MILLIMETERS (CHES) 


Outline 143 (SOT-1 43) | 
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Surface Mount Microwave 
m Schottky Diodes 


Technical Data n | A HSMS-8101 Single 
em temo Е | | 2 HSMS-8202 Pair | 





Features Plastic SOT-23 Package Description/ 
ө Optimized for use at Applications _ 
10-14 GHz | | "These low cost microwave 


е Low Capacitance 
e Low Conversion Loss 


Schottky diodes are specifically 
designed for use at X/Ku-bands 





° Low Rp . andare ideal for DBS and 
„ Low Cost Surface Mount | VSAT downconverter applica- 
Plastic Package | tions. They are available as a 
single or a series pair in SOT- 
x 23 standard package configura- 
Absolute Maximum Ratings tions. 
(Т, - 259С) 









| — Parameters i | =| S 
| TOP VIEW 
CONFIGURATION #R1 
SINGLE 
Storage & Operating 
Temperature 
* Operation in | excess of: any one of these parame ers may ате іп С с ION #28 
permanent damage. | | 
Note 1. Measured in an infinite heat sink at Tease = 25°C. Package Lead Co de Identification 
Derate linearly to zero at 150°С per diode. | ИИС 

Package Characteristics 
Lead Material................. м се enne Alloy 42 
Lead Ғіпівһ..02.2....1..00.200000. 0 реет. Tin-Lead | Hou 01 бе 

š CONFIGURATION #R1 
Max. Soldering Temp...................... Hn 260°C for 5 sec. : 
Min. Lead Strength........... ИМТ 2 pounds pull 
Typical Package Inductance .............. eene 2nH 
Typical Package Capacitance...................... 0.08 pF (opposite leads) 

- : HSMS-8202 

Ordering Information REUS BA TION d 





See page 14-14. 


Package Marking 
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C Electrical Specifications (T, = 25°С) 


те HSMS-8101 | HSMS-8202 | 
Symbol| Parameters Conditions Units | Min. | Max. | Min. | Мах. | | 


[Xm [Bebe ie | ema | v а | 4. 
© | teal боры | Vacov eim] e | [08 | _ 





ка 


B в 

Ju Ф! 

zig E 

Š 

o z б, 

MN ede z ct 

ео 9 

Ф ыз ° 

Ф Ф 
n, ; 

JAE 

BIB |> 

@ 5 

O 

(b 

я 

| 

re e 

ME 

A I 

Ч + 

Е 

"d 

Е Ы 


АК} 
79 [маш [л [ит [om | Ты” 
AVy Forward Voltage Ip-1mA mV 
Difference 


ВЕ Electrical Parameters, (T, = 25°С) 


Symbol Parameters Units 


БЕЗШЕІІІІСІГІ | dB 
ОО [imas — — | а. 


SWR at 12GHz 
Note: 


DC Load resistance = 0 Q; LO power = 1 mW. 













T е 
= nod 
2 Š 
Се 2 
Сс > 
ә О 
О 
= б 
< Ш 
< > 
> > 
Сс о 
£ O 
. 6 г 3 
0 . 0.2 0.4 0.6 0.8 753 113 5 7 9 1 13 
FORWARD VOLTAGE (V) | LOCAL OSCILLATOR POWER (dBm) 
Figure 1. Typical Forward Current vs. Figure 2. Typical Conversion Loss vs. 
Forward Voltage at Three Temperatures Local Oscillator Power 
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Equivalent Circuit Models 













0.22 pF 
HSMS-8101 | 
Cj 
e 
1.0 nH 1.3 nH Rs 
Rj 
ú EG = 0.69 
CJO = 0. 23 E-12 
HSMS-8202 0.22 pF 
0.17 pF 
e 


1.0 nH 13nH В; 









IS = 4.6 E-8 ЕС = 0.69 
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Schottky Barrier Diodes for 





General Purpose Applications 


Technical Data 


Features 

* Low Turn-On Voltage 
As Low as 0.34 У at 1 тА 

* Pico Second Switching 
Speed 

* High Breakdown Voltage 
Up to 70 V | 

ө Matched Characteristics 
Available 


Description/ 
Applications 

The 1N5711, 1N5712, 5082- 
2800/10/11 are passivated | 
Schottky barrier diodes which 
use a patented "guard ring" 
design to achieve a high break- - 
down voltage. Packaged in a low 
cost glass package, they are well 
suited for high level detecting, 
mixing, switching, gating, log or 
A-D converting, video detecting, 
frequency discriminating, 
sampling, and wave shaping. 


The 5082-2835 is a passivated 
Schottky diode in a low cost 
glass package. It is optimized 
for low turn-on voltage. The 
5082-2835 is particularly well 


suited for the ОНЕ mixing needs. 


of the CATV marketplace. 


The 5082-2300 and 2900 Series 
devices are unpassivated 
Schottky diodes in a glass 


1N5711, 
JAN1N5711/TX/TXV 
1N5712, 
JANIN5712/TX/TXV 
. 5082-2300 Series 
5082-2800 Series 
5082-2900 Series 





package. These diodes have 0.41 (.016) 
extremely low 1/f noise and are 096 (014) | 
ideal for low noise mixing, and 


high sensitivity detecting. They | 
are particularly well suited for | 
use in Doppler or narrow band 


video receivers. 


Note: The JAN Series 1N5711 and 13251426 

the JAN Series 1N5712 devices are | | 

well suited for applications that 

require the high reliability of a mE 

JAN/TX/TXV device. The TX and 

TXV devices have solder dipped ES 170) 


leads. Both the JAN Series 1N5711 CATHODE 
and 1N5712 undergo testing per 

MIL-STD-750. More information 

about these devices can be obtained 

through your local Hewlett-Packard 

field sales engineer. 


25.4 (1.00 
MIN. 


DIMENSIONS IN MILLIMETERS AND (INCHES). 


Outline 15 


Maximum Ratings 
Junction Operating and Storage Temperature Range 


5082-2301, -2302, -2303, -2900 ............................... -60°С to +100°С 
145711, 1N5712, 5082-2800/10/11......................... -65°С іо +200°С 
0082-2835....................... — RÀ -60?C to +150°С 


DC Power Dissipation · | 
(Measured in an infinite heat sink at Тедек = 25°C) 
Derate linearly to zero at maximum rated temperature 


. 5082-2301, -2302, -2303, -2900............................................. 100 mW 
155711, 1145712, 5082-2800/10/11..................................... 250 mW 
5082-2835............................................................................... 150 MW 

Peak Inverse Уо!аге....................................................................... Var 
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Package Characteristics 
Outline 15 


Lead Material "———— — -—— — ...... Dumet 
Lead Finish .............................................. РНЕ .......95-5% Tin-Lead 
Max. Soldering Temperature . —— (C € 260°C бог 5 вес — 
Min. Lead Strength ................... "———— n „4 pounds pull ` 
Typical Package Inductance | 

145711,1М5712:......../2...21.201.аҙ- 99 9 ее 2.0 nH 

2800 Series: usss ———— ——9Á 2.0 nH 

2300, 2900 Series: ........... TINTE — ——— 3.0 nH 
Typical Package Capacitance | 

' 1N5711, 1N5712: .............................................. — 0.2 pF 

- 9800 $етїев:.....................ыөшеененнененененннннененен 0.2 pF 

2300, 2900 Series: ——— s ———— sss 0.07 pF 


The leads on the Outline 15 dn should be — so that the 
bend starts at least 1/16 inch from the glass body. 


Outline 15 diodes are available on tape and reel. The tape and reel | 
specification i is patterned after RS-296-D. 


Electrical Specifications at T4 = "m 
General iie Аны Diodes 











VeelVMar| | 
at Forward Reverse Leakage 


71М5711 


[145712 _ 
wmm ul 
5082-2835 | 15 | s | 30 | ю4 | 0 1 


Test Ip = 10 pA Ір-ітА | *\ = 0.45 V 
Conditions +I, = 100 pA 


Note: Effective Carrier Lifetime (т) for all these diodes is 100 ps maximum measured with Krakauer method at 5 mA except for 
5082-2835 which is measured at 20 mA. 
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Low 1/f (Flicker) Noise Diodes 
Breakdown| Forward 

























Matched 





















Ring Quad Bridge Quad 
Encapsulated Encapsulated Batch 
G-1 Outline G-2 Outline Matched!! | Test Conditions 









ДУр at Ip = 0.75, 20 mA 
АСо atf z10MHz 






2301 5082-2306 
АУ; z 20 mV 
АСо = 0.2 pF 


5082-2308 5082-2370 5082-2396 5082-2356 

ДУ, = 20 mV |- ДУ, = 20 mV AV, = 20 mV AV; = 20 mV 

ACy =0.2 pF | АСо = 0.2 pF АСо = 0.2 pF АСо = 0.2 pF 
| 2900 5082-2912. | 5082-2970 5082-2997 

2800 


ДУ; at Ip Е 0.75, 20 тА 
АСо at fz 1.0 MHz 














ДУр at Ip = 1.0, 10 mA 














5082-2805 | 5082-2836* | AVpatIpz0.5,6mA | 
ДУр = 20 mV АУ; = 20 mV | *Ip= 10 mA Ж 
| я ACo = 0.1 pF | АСо at f = 1.0 MHz ` 










5082-2815 5082-2814 5082-2813 | 5082-2826 | ДУ, at Ip= 10 mA | 
AVg220mV | ДУ, = 20 mV АУ, = 20 ш\У | ДУ = 10 шУ | ACgatf210MHz  — 
`АСо = 0.2 pF | АСо-02рЕ АСо = 0.2 pF АСо = 0.1 pF BEEN 













АУ, at Ip 210 mA 
ACg at f= 1.0 MHz E 
Note: | | | 
1. Batch matched devices have a minimum batch size of 50 devices. 


5082-2080 
АУ; = 10 mV 
АСо = 0.1 pF 
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Outline G-1 _ Outline G-2 










| 
5.08 (.20) 














Т | | 5.08 (.20) 

MAX mE | Š MAX. | 

Y P. и 

5.08 (.20) 5.08 (.20) 
— 8.13 (.32) pa MAX. ваза 4^ МАХ 
MAX. ` MAX. 
LEAD LENGTH 19.05 (0.75) MIN. = | LEAD LENGTH 19.05 (0.75) MIN. 
: 3 3 
2 2 
LEAD FINISH — GOLD 
ALL DIMENSIONS IN MILLIMETERS (INCHES). 
Typical Parameters 
10,000 Ë 
< 
Е 1000 
P 
z 
iu 
с z 
Әд = 100 
о = 
< 
z 
Š ü 
n 
0.01 — | x ! 
0 0.10 020 030 040 050 060 - | 
Vp - FORWARD VOLTAGE (V) | Ver (V) 
Figure 1. I-V Curve Showing Typical Temperature Figure 2. 5082-2300 Series Typical Reverse Current vs. 
Variation for 5082-2300 and 5082-2900 Series Schottky Reverse Voltage at Various Temperatures. 
Diodes. | 7 
1000 
ë 
Р š 
< ш 
4 Е 
% 
: 100 Š 
š < 5082-2900 
z n 5082-2303 
5 d 
| о | 
^ 5082-2301 
с 5082-2302 
| 90 4 8 712 16 20 
0.1 1 10 | 100 | 
Ip — FORWARD CURRENT (mA) ` Е mn Vg — REVERSE VOLTAGE (V) | 

Figure 3. 5082-2300 Series and 5082-2900 Series Typical Figure 4. 5082-2300 and 5082-2900 Series Typical 
Dynamic Resistance (R,) vs. Forward Current (Lj. Capacitance vs. Reverse Voltage. | 
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Typical Parameters (continued) 


Ip — FORWARD CURRENT (mA) 





Ve — FORWARD VOLTAGE (М). 
5. I-V Curve Showing Typical Temperature 


Figure | 
Variation for 5082-2800 or 1N5711 Schottky Diodes. 


Cy — CAPACITANCE (pF) 





Vg — REVERSE VOLTAGE (V) 


Figure 7. (5082-2800 or 1N5711) Typical Capacitance (C) 
vs. Reverse Voltage (V,). 


= 


ің — REVERSE CURRENT (nA) 





` 0 5.0 10 15 20 


Va — REVERSE VOLTAGE (V) 


Figure 9. (6082-2810 or 1N5712) Typical Variation of 
Heverse Current 
Temperatures. 


(19) ve. Reverse Voltage (V,) at Various 


ің — REVERSE CURRENT (nA) 





10 9 30 4 50 60 
Va — REVERSE VOLTAGE (V) 


Figure 6. (5082-2800 or 1N5711) Typical Variation of 
Reverse Current (I,) vs. Reverse Voltage (V,) at Various 


Temperatures. 


|; — FORWARD CURRENT (mA) 





` 0 2 4 ‚6 .8 10 12 
Ve — FORWARD VOLTAGE (У) | 


Figure 8. I-V Curve Showing Typical Temperature 
Variation for the 5082-2810 or 1N5712 Schottky Diode. 


ip — FORWARD CURRENT (mA) 





о 2 4 6 38 10 12 
М; — FORWARD VOLTAGE (V) 


Figure 10. I-V Curve Showing Typical Temperature — — 


Variation for the 5082-2811 Schottky Diode. - 
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Typical Parameters (continued). 











100,000 = 

310000 < 
P 

2 Е 
= 1000 С 
| 2 
ы 
Е 100 z 

) 
"E i 

1 
Vg — REVERSE VOLTAGE (V) Vg — FORWARD VOLTAGE (V) 

Figure 11. (5082-2811) Typical Variation of Reverse Figure 12. I-V Curve Showing Typical Temperature 
е (I,) vs. Reverse Voltage (V,) at Various _ Variations for 5082-2835 Schottky Diode. | 

emperatures. 

100,000 = — 
< 10,000 un НИЙ x 
x --1- $ 
Š p | Ө 
Œ 1000 — A 2 
д p" - 
2 ui < 5082.2810/2811, 1М5712 
И ЕЕЕ | 
Е 5 

г о 

1 
0 1 2 3 4 5 6 
Va — REVERSE VOLTAGE (V) Vg — REVERSE VOLTAGE (V) 

А деда MT quo sand d sereni ra E p m 14. Typical Capacitance (C,) vs. Reverse Voltage 
Temperatures. : * | | | 


Rp — DYNAMIC RESISTANCE (52) 





ip - FORWARD CURRENT (mA) 


Figure 15. Typical Dynamic Resistance (Ry) vs. Forward 
Current (I,). 
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High Conductance Diodes 


Technical Data | 


Features 

е Fast Switching 

* Low Capacitance 

* High Current Capability 


Description/ 
Applications 

The 5082-1000 series of diodes 
feature planar silicon epitaxial 
construction to provide high | 
conductance, low capacitance, 
and nanosecond turn-on and 
turn-off. Turn-on time and 


voltage overshoot are minimized 


in these diodes of low conduc- 
tivity modulation. 


These diodes are ideally suited 
for applications such as core 
drivers, pulse generators, input 
gates, or wherever high conduc- 
tance without loss of speed is 
required. 


Maximum Ratings 
WIV - Working Inverse Voltage 


Lau а usasqa онына ыды 30 V 
LOOO Sunius —— 40 V 
Ip (Surge) — Forward Current Surge, | 
1.0 Sec. Пагайоп......о.11! 2,4, 0.75 Amp 

Ip (Surge) — Forward Current Surge, 

1.0 Microsec. Duration .......0Ҙ2Г....::. 4, 7.50 Amp 
Power Dissipation! at Толь = 25°С....................................... 500 mW 
Junction Temperature Капге..................................... -65°C to +175°C 
Storage Temperature Range ...................................... -65?C to +200°С 


Mechanical 
Specifications 


The HP Outline 11 package has 
a glass hermetic seal with 

dumet leads. The package will 
meet MIL-STD-750, Method 
2036, Conditions A (2 lbs. tension 
for 15 sec.), and E. The maxi- 
mum soldering temperature is 


__ 280°C for 5 seconds. Outline 11 


package capacitance and induc- 


_ tance are typically 0.15 pF and 


4 nH respectively. 
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5082-1001 
5082-1002 
5082-1006 
(1N4456) // 








25.4 (1.00) 


А - Й 0.56 (0.022) 
| 0.46 (0.018) 


DIMENSIONS IN MILLIMETERS AND (INCHES) 


= Outline 11B 


Electrical Specifications at T, = 25°С 


Maximum | Maximum 











| 3 | 19) 50 — 
| 12 | 35 | 30 | 80 — 
| 106 | 50 | 150 | 50 - 


Test Tp = 10 pA Ve=LOV V T 
' 


Notes: 

1. Mounted on a ойнай circuit board in still air. 

2. Measured at a repetition rate not to exceed the power dissipation. 

3. Vg = 35 V for 1006; Ур = 30 V for 1001, 1002. 

4. Inductance measured at the edge of the glass package seal is typically 4.0 nH for all devices. 
5. Rectification Efficiency is typically 6596 for all devices (Figure 8). | 
6. 1N4456 has same specs as 5082-1001. 


| 200 | 
РЕ ы: 
_ | 11 | 15 | 


150°CIs) Ур-0У (Figure 9) | (Figure 10) 
f = 1.0 MHz 





1000 


FORWARD CURRENT (mA) 
FORWARD CURRENT (mA) 





FORWARD VOLTAGE (V) FORWARD VOLTAGE (V) 


Figure 1. Typical Forward Conduction Characteristics. Figure 2. Typical Forward Conduction Characteristics. 
5082-1001 and 1006. 5082-1002. 


| LLLA 
2 
mE S di 


FORWARD CURRENT (mA) 
REVERSE CURRENT (nA) 





.01 
0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 


TEMPERATURE COEFFICIENT (mV/'C) ». AMBIENT TEMPERATURE (°С) 
Figure 3. Typical Forward Current Temperature Figure 4. Typical Reverse Current at Specified V, vs. 
Coefficient. Increasing Temperature. 
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REVERSE CURRENT (nA) 





REVERSE VOLTAGE (V) 


Figure 5. Typical Reverse Current vs. Reverse Voltage. 





ЕЕ 
n те 5082-1001 _ 
— [кеше] L 


0 i 
0 5 10 15 20 25 3 


Vg — REVERSE VOLTAGE (VOLTS) 












ш 
Е 
| 


C — CAPACITANCE (pF) 


0 35 


RATED POWER DISSIPATION (WATTS) 





50 


75 100 125 150 175 200 


TA — AMBIENT TEMPERATURE (°С) 


Figure 6. Power Dissipation Derating Characteristics. 


Figure 7. Typical Capacitance vs. Reverse Voltage Characteristics. 


POWER 
AMPLIFIER 


SIGNAL 
GENERATOR 


ATTENUATOR 
WEINSCHEL 


HP 608C 10db 
10 W 


50 9 


Figure 8. Test Circuit for Measuring the Rectification Efficiency. 


65% for all devices. 





TEST FIXTURE 


VTVM VTVM 
HP 411A | 
COAXIAL 
FEED-THRU 
PROBE 
DIODE UNDER 


TEST 





Signal source is adjusted to 100 MHz and 2 V RMS 


as read on the 411A. The rectification efficiency calculated from the DC output voltage by RE = V /2.83 is typically 


3-/2 


5022 1.0uF D.U.T. 
TO SCOPE 


VR 





Figure 9. Test Circuit for Measuring Reverse Recovery Time.I, is set at 20 mA and V, at 2 V. 





ATTENUATOR 


PULSE | SAMPLING 
GENERATOR | | $СОРЕ 





Figure 10. Test Circuit for Measuring Turn-On Time. Ip is adjusted for 10 mA after applying the step voltage.ton is 
measured as the time required to reach 0.9 Ip from initial application of the step voltage. For high excitation levels 
the юм value is significantly lower than the value specified, i.e., at 100 mA ton is typically less than 1.0 ns. 
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Schottky Barrier Diodes for 
Stripline, Microstrip Mixers 


and Detectors 


Technical Data 


Features 
e° Small Size 


е Low Noise Figure 
6 dB Typical at 9 GHz 


e Rugged Design 
° High Uniformity 
е High Burnout Rating 
1 W RF Pulse Power Incident 


e Both Medium and Low 
Barrier Available 


Description/ 
Applications 

This family consists of medium 
barrier and low barrier beam 
lead diodes mounted in easily 
handled carrier packages. Low 
barrier diodes provide optimum 
noise figure at low local oscilla- 
tor drive levels. Medium barrier 
diodes provide a wider dynamic 
range for lower distortion mixer 
designs. Application Note 976 
presents impedance matching 
techniques for an X-Band mixer. 


Package 
Characteristics 


These diodes are designed for 
microstrip and stripline use. 
The kovar leads provide good 
continuity of transmission line 
impedance to the diode. Outline 
C2 is a plastic on ceramic 
package. Outline H2 has a 
metal ceramic hermetic seal. 


ANGLE CUT 30-50? 


ALTERNATE 0.13 (.005) 


DIA. HOLE 1.5 (0.06) 
FROM END 


CATHODE 
е |= 3.8 CN 50) u 


0.46 (0.018) 
0.30 (0.012) 


1.40 (0.055) 


1.14 (0.045) 
SQUARE 


0.36 (0.014) 
M 


5082-2200/01/02/03 
5082-2207/08/09/10 
5082-2765/66 
5082-2774/75 
5082-2785/86 
5082-2794/95 








c 


1.27 (0. 0.10 
M dae (0.004) 
TYP. 


p — = 


Outline C2 
Cp = 0.055 рЕ 





АЯ. 


e 
= 
ë 


uj 3.30 (0. | 
MIN. 
| ) 
KOVAR LEADS, 0.64 (0:025) 0 18 (0.007) 
Au PLATED | 0.08 (0.003) 
cC = 


Outline H2 
Cp = 0.175 pF 


DIMENSIONS IN MILLIMETERS AND (INCHES). 


The ceramic is alumina. Metal 
parts are gold plated kovar. 


The hermetic package, outline 
H2, 1s capable of passing many 


3-/4 


of the environmental tests of 


MIL-STD-750. The applicable 
solderability test is reference 
2031.1: 260?C, 10 seconds. 


Maximum Ratings 
Operating and Storage Temperature Range 


C2 Packaged Diodes.............................................. ......-65°С to +150 °С 
H2 Packaged Diodes ...................................................65°C to +175 °C ` 
Pulse Power Incident at Tcasg = 25°C ........................................... 1W 
(1 us pulse, Du = 0.001) ` | 
CW Power Dissipation at Tcasg = 25°C 
(Measured in an infinite heat sink)..................................... 125 mW 


Derate linearly to zero at maximum operating temperature. 
Diode Mounting Temperature in Packages 


CO ———————— есьваЫя 235°С for 10 sec max. 
| M — ————€ 60°С for 10 sec max. 
Peak Inverse Voltage .................... € D" 4 V 


These diodes are ESD sensitive. Handle with care to avoid static 
discharge through the diode. . | их 


Part Test 
Number Matched* Freq. igur 
5082- (GHz) Barrier i 
Medium 6.0 200 400 
Medium | 6.5 
2765 | 
2785 


Test ANF s 0.3 dB | | Е 
"Minimumbetchsize20units. — — | 
Typical Detector Characteristics at T, = 25°С 
Medium Barrier and Low Barrier (DC Bias) | үк | 
Symbol | Typical Value Test Conditions 

| Р =-40 dBm 
Voltage Sensitivity |o | 6 — mV/uW Video Bandwidth = 2 MHz 
Video Resistance | BE | 


Low Barrier (Zero Bias) 


Symbol | Typical Value 
Tangential Sensitivity 08 | ом | @a Zero Bias, К; = 10 MQ 
| Pu = - 30 dBm 
Voltage Sensitivity mV/uW | Video Bandwidth = 2 MHz 
| f= 10 GHz 
Video Resistance | Ry | — 18 | ма _ 
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е e e e° № в 

ее өө ом on оо 

н на |на на | нан |н = 
Q ae 


N = 
© or 





_ DC Load Resistance = 0 Q 
| L.O. Power z 1mW 















Typical Parameters 
MEDIUM BARRIER 


100 


0.1 


IF — FORWARD CURRENT (mA) 
© 





0 0.2 0.4 0.6 0.8 1.0 
Ve — FORWARD VOLTAGE (V) 


Figure 1. Typical Forward Characteristics. 


LOW BARRIER 


IF — FORWARD CURRENT (mA) 





Vr — FORWARD VOLTAGE (V) 


Figure 2. Typical Forward Characteristics. 





Figure 3. Typical Admittance Characteristics, 5082-2200 
and 5082-2766 with Self Bias. 


Figure 4. Typical Admittance Characteristics, 5082-2200 _ 


and 5082-2765 with External Bias. 
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Typical Parameters (cont.) 








Figure 5. Typi 





with Self Bias. Қ | 


and 5082-2785 
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Typical Parameters (cont.) 





Figure 9. Typical Admittance Characteristics, 5082-2209 ^ Figure 10. Typical Admittance Characteristics, 5082. | 
and 5082-2794 with Self Bias. __ | | | 2209 and 5082-2794 with External Bias. Е | 


500 РРО ЅТАІРШМЕ — 
1/8 INCH GROUND PLANE SPACING 


" , DEVICE UNDER TEST 


NOISE FIGURE (dB) 






| PACKAGE. DIMENSION 
“A” | 
1.91 + 0.05 
(0.075 + 0.002) 
_ 2.67 + 0.05 
(0.105 + 0.002) 


FREQUENCY (GHz) DIMENSIONS IN MILLIMETERS (INCHES) 


Figure 11. Typical Noise Figure vs. Frequency for 5082- Figure 12. Admittance Test Circuit. 
2209, -2794. | | | 
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MODEL FOR H2 DIODES | 


— 14.52 Ry 
x —1— 


0.435 nH 


46.990 | 47.60 - 
0.320 (0.0126) 0.775 (0.0305) 
СЕЕЕ. = 6.37 | СЕЕЕ. = 6.37 
Cj 
0.085 pF 


DIMENSIONS IN MILLIMETERS (INCHES) 


О C eae Н Каб 
Parameter Symbol | 5082-2200, 5082-2765 | 5082-2200, 5082-2765 | 
Junction Capacitance C; 0.302 


MODEL FOR C2 DIODES 





14.52 RJ ; MEE 


67.00 эзан 67.02 
0.318 (0.0125) 0.318 (0.0125) 
ЕЕЕЕ. = 6.37 €grr. = 6.37 
| | E 
0.065 pF 


DIMENSIONS IN MILLIMETERS (INCHES) 


Parameter Symbol 5082-2207, 5082-2774 | 5082-2207,5082-2774 | Units 


Junction Resistance | Ry 338 | | 421 . | 
Junction Capacitance C; | 0.189 | ажа ` ` | 
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Schottky Barrier Diode Quads 


for Double Balanced Mixers 


Technical Data | 


Features 

ө Small Size 
Eases Broad Band Designs 

e Tight Match — 
Improves Mixer Balance 

е Improved Balance over 
Temperature 

e° Rugged Design 

e Both Medium and Low | 
Barrier Diodes Available 





[-_ 4.06 (0.160) 
3.56 (0.140) 


1.27 (0.05) MAX. 


0.64 (.025) MAX. 


0.15 (0.006) — і 
0.10 (0.004) T 


Outline E4 
Cp = 0.07 pF diagonal Cp = 0.09 pF adjacent 


5082-2231 
5082-2233 
5082-2263 
 5082-2271/72 
5082-2277 © 
5082-2279/80 
5082-2291/92 
5082-2294 
5082-2830/31 





ANGLE CUT 30-50° 






1.40 <, 
1.14 (0.045) 


SQUARE 


0.38 (0.015) О (0.004) 
МАХ. 


Outline C4 


Cp z 0.05 pF diagonal Cp = 0.07 pF adjacent 


LID DIAMETER 
2.59 (0.102) 





M 
2 im 
© 
=b 
“ғ. 


in + 
А 
+ 0.58 (0.023) 
0.43 (0.017) 
— : ғын” Жк 
030 (0.008) 
-10 (0.004) 0.89 (0.035 
0.15 (0.006) t 0.64 (0.025 
0.08 (0.003) 
FUR ЕНЕ БЕНЕН 
+ = 
Outline H4 


Cp = 0.16 pF diagonal Cp = 0.20 pF adjacent 


DIMENSIONS IN MILLIMETERS (INCHES) 


Description/ electrical characteristics and and small size. The low barrier 


Applications temperature tracking. | . diodes allow for optimum mixer 
These matched diode quads use | noise figure at lower than 

a monolithic array of Schottky These diodes are designed for conventional local oscillator 
diodes interconnected in ring use in double balanced mixers, levels. The wider dynamic range 
configuration. The relative phase detectors, AM modula- ^ ofthe medium barrier diodes | 
proximity of the diode junction tors, and pulse modulators allows for better distortion 
on the wafer assures uniform requiring wideband operation performance. 


Maximum Ratings 
Junction Operating and Storage Temperature Range 





H4 Packaged Diodes ....................................... m -65*C to +150°С 
Eo O .....-65°С to +125°C 
C4 Packaged Diodes ................................................ -65°С to +150°С 
DC Power Dissipation .......................................... 75 mW per Junction 


Derated linearly to zero at maximum rated temperatures 
(measured in infinite heat sink at Tcasg = 25°C). 


Soldering Temperature Z2 
D————————' E 260?C for 10 sec. 
o^ -——————————————— à ..235°С for 10 sec. 


| о A ... ———— EE 220°С for 10 sec. 


These diodes are ESD sensitive. Handle with care to avoid static 
discharge through the diode. 


Selection Guide 


= Frequency | 
Package | | 
Outline Barrier | To 2 GHz | 2-4 GHz 






| F4 | _ |Medium | 5082-2830 | 5082-2277 | 5082-2277 | b 
Low Cost o Low 5082-2831 | E | 
H4 | Medium | 5082-2263 | 5082-2263 | 5082-2263 | 
Hermetic Low 5082-2231 | 5082-2231 | 5082-2233 | к | 
C4 Medium | 5082-2291| 5082-2291 | 5082-2292 | 5082-2294 | 5082-2294 
Broadband | Low 5082-2271| 5082-2271 | 5082-2272 | 5082-2279 | 5082-2280 | 


Electrical Characteristics at Т, = 25°C 






2277 
2271 
2272 
2279 


Test 
Conditions 


Package 
Characteristics 

The HP outline E4 package is 
designed for MIC, Microstrip, 
and Stripline use from dc 
through X-Band. The leads 
provide a good continuity of 
transmission line impedance to 
the monolithic diode array. The 
leads are tin plated copper. 


The C4 subminiature package is 
a ceramic carrier whose gold 
plated kovar leads are brazed to 
the substrate for maximum 
package ruggedness. If the leads 
are to be formed, they should be 
restricted so the bend starts at 
least 0.25 mm (0.01 inch) from 






Maximum 
Measured 


the package body. The semi- 
conductor is protected from 
mechanical abrasion by epoxy. 
The H4 miniature package is a 


. hermetic metal-ceramic device, 
which makes it ideal for applica- © 


tions requiring high reliability. 

The leads are gold plated kovar. 
Outline H4 is capable of passing 
many of the environmental tests 


solderability test is reference 
2031.1: 260°C, 10 seconds. 


Dynamic and Series 
Resistance 

Schottky diode resistance may 
be expressed as series 
resistance, Rs, or as dynamic 
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Ip = 5 mA 
between Adjacent Leads Measured 
EN m between |. 
| Adjacent Leads 


Typical _ 
Parameters 








Dynamic 
Resistance 






















resistance, Rp. These two terms 
are related by the equation 

m Ep = Rs + В, Р | 
where R; is the resistance of the 
junction. Junction resistance of 
a diode with DC bias is quite ` 


. accurately calculated by 


| R; = 26/I, 


. where I; is the bi tin 
of MIL-STD-750. The applicable | мекен не те 


milliamperes. The series 
resistance is independent of 
current. 


The dynamic resistance is more 
easily measured. If series 
resistance is specified it is 
usually obtained by subtracting 


the calculated junction resis- calculated by the formulas given The equivalent adjacent capaci- 


tance from the measured below. tance is the capacitance between 
dynamic resistance. | points À and C in Figure 1. This 
In a quad, the diagonal capaci- capacitance is calculated using 
Quad Capacitance tance is the capacitance the following formula: 
Capacitance of Schottky diode between points А and B as С Е 
quads is measured using an shown in Figure 1. The diagonal CADJACENT = C1 + 1 1 1 | 
HP4271LCR meter. This | capacitance is calculated using с. + e T c 
instrument effectively isolates the following formula: iu Б: 
individual diode branches from C _ Cj,xC, | C3xC, 
the others, allowing accurate DIAGONAL = С С, С ЕС, 


capacitance measurement of 
each branch or each diode. The 


conditions are: 20 mV К.М.5. TE / \ ұн ° 
voltage at 1 MHz. HP defines 

this measurement as "Cu, and — Е 

it is equivalent to the capaci- " Xa 

tance of the diode by itself. The NZ T 


equivalent diagonal and adja- 
cent capacitances can then be Figure 1. 





5082-2280 p 


4 


FORWARD CURRENT (mA) 
FORWARD CURRENT (mA) 





FORWARD VOLTAGE (V) FORWARD VOLTAGE (V) ` 


Figure 2. Typical Forward Characteristics at T, = 25°С. Figure 3. Typical Forward Characteristics at T, = 25°C. 
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Technical Data 


Features 

ө Low Noise Figure 

° High Burnout Rating 

1 W RF Pulse Power Absorbed 

° Rugged Design 

ө High Uniformity 

° Both Medium and Low 
Barrier Diodes Available 
Description/ 
Applications 


These Schottky diodes are 
optimized for use in broad band 
and narrow band microstrip, 
coaxial, or waveguide mixer 
assemblies operating to 18 GHz. 
The low barrier diodes give 
optimum noise figure 
performance at low local 
oscillator drive levels. Medium 
barrier diodes provide a wider 
dynamic range for lower 
distortion mixer designs. The 
5082-2350, -2400, -2520, and 
-2565 have extremely low 1/f 
noise, making them ideal for use 
as Doppler mixers. 


Package 
Characteristics 

The HP Outline 15 package has 
a glass hermetic seal with plated 
Dumet leads which should be 
restricted so that the bend 
starts at least 1/16" (1.6 mm) 
from the glass body. With this 


Schottky Barrier Diodes for 
Mixers and Detectors 






CATHODE 
BAND 


Lp = 2.3 nh (2817) 
Lp * 3.0 nh 
Ср = -.20 pF (2817) 
Ср = .07 pF 


ME 


Outline 15 


5082-2350/51 
5082-2400/01 / 


5082-2709/07 — 


5082-2723/24 
5082-2817/18 ` 





DIAMETER. . 


CATHODE END 
INDICATED BY. 


COLOR DOT [1:98 (678) 
Outline 49 


1.40 (.055) 
Г oam 


Outline 44 


DIMENSIONS IN MILLIMETERS AND (INCHES) 
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Lp = 1 nh 


restriction, it will meet MIL- 
STD-750, Method 2036, Condi- 
tions A (4 lb. [1.8 kg] tension for 
30 minutes]. The maximum 


soldering temperature is 230°C ` 


for 5 seconds. Marking is by digi- 
tal coding with a cathode band. - 


The HP Outline 49 package has 


a metal-ceramic hermetic seal. 


The anode and cathodestuds  . 


are gold-plated Kovar. The 
maximum soldering tempera- 
ture is 230?C for 5 seconds. 
Stud-stud TIR is 0.010" тах. 


The HP Outline 44 package i is a 
hermetically sealed ceramic | 
package. The anode and cathode 
are gold-plated Kovar. The 
maximum soldering 
temperature is 230?C for 5 
seconds. 


Electrical Specifications at Тл = 25°C 


Part Matched 


Maximum Ratings 


Junction Operating and Storage PT — 


. 5082-2400, -2401, -2350, акык киши d^ {о +100°С 
5082-2817, -2818......................................................-60°С to +200°C 
All other diodes ———— nore -60°C to +150°C 

cw Power Dissipation | Ка" | 


 Derated linearly to 0 W at maximum rated temperatures 
(measured in infinite heat sink at Тсдск = 25? O. | | 
5082-2300, -2400 Series .................. 11 eee eer ene наннан аараан 100 mW 


“5082-2817, -2818.................................. кашанын ииненин ОА) ШМ = 
о е 200 mW | 


Pulse Power Dissipation 
" Peak power absorbed by the diode at t Tease = = -250 
1 us pulse, Du = 0.001 | 
Soldering Temperature................................................. 


Note: The 5082-2200, -2500, and -2700 dnm ESD ке 


Handle with care to avoid static discharge through the diode. 


Typical 


Parameters 


Number Pair 
5082- | 5082- Barrier 
2817 2818 Mediu 
2400 2401 Mediu 
2350 2851 Mediu 
2707 |Мейша| 9.75 — 
2723 2724 Mediu | 








Zero DC Load Resis- 
2 tance (100 Q for 
5082-2817) Е 


3-85 





Typical Parameters 


FORWARD CURRENT (mA) 





FORWARD DC VOLTAGE (V) - 


Figure 1. Typical Forward Characteristics at T, = 25°C. 


NOISE FIGURE (dB) 


DIODE 5082-2817 


IF = 30 MHz 

Fie 1.5 dB 

PLo = 1.0 mW 
. Rk. = 100 0. 





FREQUENCY (GHz) ` 


Figure 3. Typical Noise Figure vs. Frequency. (The. 
Mount is tuned for Minimum Noise Figure at each 
Frequency.) 


DIODE NOISE RATIO (dB) 


NOISE FIGURE (dB) 









2 “ 












5082-27ХХ 
| ! 
L 


—N. 
а= 
NL 
-N 
NC. 


5082-23XX 
С 5082-24ХХ ` 


N 







d 







< 





4 » 
ІР 









ІШ 





0.1 1 10 100 1000 
FREQUENCY (kHz) | 


Figure 2. Typical Diode Noise Ratio vs. Frequency at 
1 mA Current. 


DIODE 5082-2817 





_ LOCAL OSCILLATOR POWER (mW) 


Figure 4. Single Sideband Noise Figure (including an 
IF-amplifier noise figure of 1.5 dB) vs. Incident LO 
Power for Various DC-load Resistances R,. (The Mount 
“3 Мес for Minimum Noise Figure at each LO Power 

eve 
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Typical Parameters (cont.) 


NOISE FIGURE (dB) 





FREQUENCY (GHz) | 

Figure 5. Typical Admittance Characteristics, 5082.2817 Figure 6. Typical HP 5082-2400 Noise Figure vs. es 

with Self Bias. | mE жалы бы ү Frequency with P, , = 1.0 mW, IF = 30 MHz, and NF, = — 
| | | | T 1.5 dB. (Mount Tuned at Each Frequency.) _ | 





Figure 7. Typical Admittance Characteristics, 5082-2400 Figure 8. Typical Admittance Characteristics, 5082-2400 
with Self Bias. with External Bias. 
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Typical Parameters (cont.) 





© в G 
C 7 О 
Bg 5 
ш. ш 
% 5 > 
9 4 ц. 

3 

2 

1 

0 

0.1 1.0 10 100 | 

LOCAL OSCILLATOR POWER (mW) LOCAL OSCILLATOR POWER (mW) 

Figure 9. Typical HP 5082-2350 Noise Figure vs. Local Figure 10. Typical HP 5082-2300 and 2400 Series IF 
Oscillator Power at 1.0, 2.0, and 3.0 GHz with IF = 30 Impedance vs. Local Oscillator Power with f, , = 2.0 GHz 
MHz and NF, = 1.5 dB. (The Mount is tuned for and IF = 30 MHz. (The Mount is tuned for Minimum 
Minimum Noise Figure at each LO Level). Noise Figure at each LO Level.) 





Figure 11. Typical Admittance Characteristics, 5082. Figure 12. Typical Admittance Characteristics, 5082- 
2350 with Self Bias. | | 2350 with External Bias. | E 
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Typical Parameters (cont.) 


NOISE FIGURE (dB) 





FREQUENCY (GHz) 


Figure 13. Typical Admittance Characteristics, . Figure 14. Typical Noise Figure vs. Frequency. IF = 30 
5082-2702 with Self Bias. — : MHz, NF 


„ = 1.5 dB, P, , = 1 mW. Diode tuned at each 
frequency (5082-2700 series). |. . | 5, | 





X-BAND DEVICES 
h. ЕЕ: Geese ==. 
w | р |  . 


NE Ku-BAND DEVICES 
I ни 
0 
0 05 10 15 20 2 
REVERSE VOLTAGE (V) 


CHIP CAPACITANCE (pF) 
2 


5 3.0 


Figure 15. Typical Chip Capacitance vs. Reverse Voltage 
(5082-2700 Series). ы? к | ie 
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Schottky Barrier Diodes for 


Detectors 


Technical Data 


Features 

* Improved Detection 
Sensitivity 2 
TSS of -55 dBm at 10 GHz 

° Low 1/f Noise 
Typical Noise-Temperature 
Ratio = 4 dB at 1 kHz 

° High Peak Power 
Dissipation 
4.5 W RF Peak Pulse Power 


Description/ 
Applications 

The low 1/f noise and high 
voltage sensitivity make these 
Schottky barrier diodes ideally 
suited for narrow bandwidth 
video detectors, and Doppler 
mixers as required in Doppler 
radar equipment, ECM 
receivers, and measurement 
equipment. 


Package 
Characteristics 


The HP Outline 15 package has 


a glass hermetic seal with 
plated Dumet leads which 
should be restricted so that the 
bend starts at least 1.16" (1.6 
mm) from the glass body. With 
this restriction, it will meet 
MIL-STD-750, Method 2036, 
Condition A (4 Ib. [1.8 kg] 
tension for 30 minutes). The 
maximum soldering tempera- 


CATHODE 





Lp = 2.3 nh (2824) 


. 5082-2'750/51 
5082-2755 
5082-2787 
5082-2824 





1.63 (.064) 
1.53 (.060) 
DIAMETER 


CATHODE END 
INDICATED BY 
COLOR DOT 





Lp = 3.0 nh | 
Cp = .20 pF (2824) 2.13 (.084) 
Ср = .07 pF - 1.98 (078) 
25.4 (1.00) | 
IN. 
| Outline 49 
Outline 15 


DIMENSIONS IN 
MILLIMETERS AND (INCHES). 


ture is 230°С for 5 seconds. 
Marking is by digital еи 


with a cathode band. 


The HP Outline 49 package has 
a metal-ceramic hermetic seal. 
The anode and cathode studs 
are gold-plated Kovar. The 
maximum soldering tempera- 
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pom 140 мең DIA. 


127 | CATHODE 
1. Pun Lp = .3nh » 
Ср = .13 pF 
Outline44 ` | 


ture is 230°С for 5 uni: . 
Stud-stud TIR is 0.010" max. 


The HP Outline 44 package is a 
hermetically sealed ceramic 
package. The anode and cathode 
are gold-plated Kovar. The 
maximum soldering tempera- 
ture is 230?C for 5 seconds. 


Maximum Ratings 
Junction Operating and Storage Temperature Range 
BOB AA. A EE —————— -65?C to +200 °С 
All ОБТ ооо тиін воно -60°С to +150 °С 
DC Power Dissipation — Power Absorbed by Diode 
Derate Linearly to Zero at Maximum Temperature 


SUP ————————M 250 mW 
АП Others...................................... ЖККУ о T 100 mW 
Soldering Temperature................................................ 260°С for 5 sec. 
RF Peak Pulse Power at Tcasg = 25°C (Pulse Width = 1 ps, 
Du = 0.001) 
5082-2824 (Power Absorbed by 0:096)... t epos 4.5 W 
All Others (Power Incident)..................................................... 2.0W 
Maximum Peak Inverse Voltage (PIV)........................................... Ver 


Note: The 2700 series diodes are ESD sensitive. Handle with care to 
avoid static discharge through the diode. 


Electrical Specifications at Т, = 25°C Typical Parameters 
Voltage 





















Maximum Sensitivity 
Tangential Sensitivity Minimum 












TSS (dBm) у (mV/uW) 





Video Bandwidth z 2 MHz Same as for TSS at 






Conditions frr = 2 GHz for 5082-2824,| RF Signal Power 
10 GHz for all others Level of -40 dBm. 
Ibias = 20 МА; Video Amp. | Load Resistance 





Eq. Noise, В, = 500 Q. = 100 kQ 


*RF Parameters for the 5082-2787 are sample tested only. 





BIAS = 20 A 
e 
© 
-- = 
о р 
= = 
т o 
z O 100 mV 
E < 
< қ 
ш 9 10 mV 
= 5082-2750/51/55 | 
ul 
" = 2 1 mV 
ul O 
o ш 
О 
2 100 uV 
10 13 04 105 10uV бо 40 -20 0 20 40 
FREQUENCY " POWER INPUT (dBm) 
Figure 1. Typical Flicker (1/f) Noise vs. Frequency. | Figure 2. Typical — Transfer сакасын: 
- | 2204 24 | (5082-2750 Series). | | 
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TEST CONDITIONS 
_ BW-2MHz 
DC BIAS = 20 vA 


56 m: | ER Г 
5082-282 


f = 2 GHz: 5082-2824 | = 
f = 10 GHz: 5082-2750 SERIE 


TANGENTIAL SIGNAL SENSITIVITY (-dBm) 





TANGENTIAL SIGNAL SENSITIVITY (-dBm) 


\ 


2 4 6 8 10 12 14 16 18 20 5082-2750/51/55 
1 2 3 4 5 ` 5082-2824 





DC BIAS CURRENT (uA) 
SIGNAL FREQUENCY (GHz) 


` Figure 3. Typical TSS vs. Frequency. Figure 4. Typical TSS vs. Bias. | 


ra | 


5082-2750 $ЕВ!Е$ 


FORWARD DC CURRENT (mA) 





FORWARD DC VOLTAGE (V) 


Figure 5. Typical Forward Characteristics at T, = 25°C. Figure 6. Typical Admittance Characteristics, 5082-2824 
| with External Bias. mE | Б 





Figure 7. Typical Admittance Characteristics, 5082-2755 Figure 8. Typical Admittance Characteristics, 5082-2755 
with External Bias. with Self Bias. 
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1 e i 
2750 with Self Bias. 
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GaAs Schottky Diode 
Reliability Data 





| HSCH-9Xxx 
The following cumulative test STD-750. Data was gathered part which fails to meet the 
results have been obtained from from the product qualification, electrical and/or mechanical 
testing performed at Hewlett- ^ reliability monitor, and engi- — specification listed in this 
Packard Communications Сот- neering evaluation. catalog. 


ponents Division in accordance 
with the latest revision of MIL- For the purpose of this reliabil- 
ity data sheet, a failure is any 


1. Life Test | | | | 
А. Demonstrated Performance | 422077 жч 
Е | | Units Total Total | Failure Rate | 
| Test Test Conditions | Tested | Device Hrs. | Failed | 1%/1K Hrs. 
High Temp | 80% of Vag 8 T, = 150°C 128 128,000 | 
Reverse Bias аға 














(НТЕВ) ` | | 

Operating Life | I,=55mAD.C @ 134 122,150 

(O.L.) | ТА = 55°C | ü | 
B. Failure Rate Prediction ` 


The failure rate will depend on the junction temperature of the device. The estimated life at different 
temperatures is calculated, using the Arrhenius plot with activation energy of 1.0 ev, and listed in the 
following table. 42. | a os та | EE 


анат [ — оов onfüence Laval 
TIE ours MTTF thous 
20 49 


2.2 x 107 
1.1x108 9 
9x108 1.10 
6.5x10? 0.15 
9х1010 0.01 





Junction 
Temp. Tj (°C) 







4 
0.50 










2.0x10H 
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1.03 10 4 
MEAN TIME TO FAILURE МТТЕ (HRS.) 











JUNCTION TEMPERATURE т) ‚С 
(ЛӘ) ASU3N3 NOILVALLOV 











Notes: 

1. The point MTTF is extrapolated from n High Temperature Storage at 150, 200, 250°С. 
2. This MTTF and failure rate represent the performance level for which there is a 90% probability of the device doing better than 
the stated value. The confidence level is based on the statistics of failure distribution. The assumed distribution is exponential. 
This particular distribution is commonly used in describing useful life failures. 

3. FIT is defined as Failure in Time, or specifically, failures per billion hours. The relationship between MTTF and FIT i is as 
follows: FIT = 10° МТТЕ). | | | 


C. Example of Failure Rate Calculation К 
At 50°C with a device operating 8 hours а day, 5 days a week, the percent utilization is: 
% Utilization = (8 hrs/day x 5 days/wk) + 168 hrs/wk = 25% 


Then the point failure rate per year is: 
(5х10 12 hrs.) x (25%) x (8760 hrs/yr) = 1.1x10 926 per year 


Likewise, the 90% confidence level failure rate per year is: 
(1х1011%/1000 hrs. x (25%) x (8760 hrs/yr) = 2x10 996 per year 


II. Environmental and Mechanical Tests 


MIL-STD-750 Units Total 

Test Reference Test Conditions Tested | Failed 
Moisture Resistance T | 80-98% RH @ -10/+65°С, 10 Days HENCE 

Salt Atmosphere 1041 10-50 gr/m? @ 35°С, 24 hrs. 


III. DOD-HDBK-1686 ESD Classification: 
HSCH-9XXX- Class] | ЕОНИ 
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Tri Metal Beam Lead 
Schottky Diodes 


Reliability Data 


Conclusion 


Hewlett-Packard's beam lead 
diodes have successfully passed 
stringent environmental testing. 
Hewlett-Packard beam lead 
diodes may be used in military 
and space applications without 
the necessity of hermetically 
sealed packaging. 


General 

For applications requiring com- 
ponent reliability estimation, 
Hewlett-Packard provides 


reliability data for all families of 


devices. Data is compiled from 
reliability tests run to demon- 
strate that a product meets the 
specified design criteria. All 
Schottky beam lead families 
have fulfilled the standard 
requirements of reliability 
qualification, and the results of 
these tests are shown on pages 
3-98 and 3-101. 


Program Description 


The purpose of this program is 
to qualify all beam lead diodes 
for operation in extreme 
environmental conditions which 
may be encountered during 
military and space operations. 


The following test sequence has 
been designed to assess the 
endurance of beam lead diodes 
through relevant environmental 





SINGLE 





PAIR 


Typical Beam Lead Outlines 


stresses such as heat and 
humidity. To qualify a device as 
hermetic, the conventional 
procedure is to perform dye- 
penetrant and Radiflo tests. 
However, because of the absence 
of an enclosed cavity in the 
unique design of the beam lead 
diode, these tests are not 
directly applicable. Therefore, 
this program utilizes reliability 
tests such as moisture resis- 
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tance, salt atmosphere, and 
immersion to verify that the 
passivation layer on the beam 
lead acts as a seal to protect the 
active area of the diode. 


To perform these tests, various 
Schottky diodes were mounted 
in non-hermetic, open packages 
and tested as exposed beam lead 
devices. 


Applicable Part Numbers 


Schottky Beam Leads 
5082-2837 . | 
HSCH-5300 Series | 
HSCH-5500 Series | 
HSCH-5800 Series — 
HSCH-5900 Series | 
HSCH-6000 Series  . 


Test Sequence 


MIL- Units 
Test STD-750 Tests Condition Tested Failed | LTP 


Moisture Resistancel!2! | 98% В.Н. -10°С to 65?C, 
ZU Ё 10 days ж. 

Temperature Cycling -65°С to 200?C, 100 cyc. 80 X 

Constant Acceleration 20 KG, 1min.each axis | (40 per lot) 


Salt Atmosphere! 1041 |35 fog, 24hours — | 35 | 9 | < | 


Salt Water (MIL-STD-883, | 65°C saturated NaCl - 
Immersion!2] M1002B) 


solution, 2 cycles 
Notes: 


1. The sequence of moisture resistance and temperature cycling followed by constant acceleration assures a thorough evaluation 
of the effect of exposure to high humidity and heat conditions. End points were taken after each test. | 
2. End points were: Visual at 100X magnification and D.C. testing to MIL-STD-19500. . 


t 

















Results i m — beam lead diodes аге made of tive particle protection is pro- | 


As demonstrated by these tests, tri-metal (Ti-Pt-Au or NiCr-Pt- vided by a layer of polyimide, | 
Hewlett-Packard's beam lead . Au) which extends both the which also functions as scratch 
diodes exhibit superior perform- - operating and storage tempera- ^ protection. Therefore, itis | 
ance when subjected to severe ture range. In addition, a recommended that Hewlett- 
environmental conditions. This = nitride passivation layer acts as ° Packard beam lead diodes be 
proven reliability is achievable a sealant and provides immu- . used in military and space . 
because of Hewlett-Packard's nity from contaminants which applications without the neces- 
unique beam lead design. These could lead to Ig drift. Conduc- sity of hermetically sealed 

| packaging. | 
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PACKARD 
ө HSCH-5300 Series 
Tri Metal Beam Lead HSCH-5500 Series 
ө H -2800 Seri 
Schottky D 10des and HSCH-6000 Series 
4 4 5082-2200 
Hermetic Packaged Devices 5082-2202/08 - 
liabilitv D 5082-2263 
Re ab ty ata 5082-2765/66 
5082-2785/86 
5082-2837 
The following cumulative test from the product qualification, electrical and/or mechanical 
results have been obtained from reliability monitor, and specification listed in this 


testing performed at Hewlett- engineering evaluation. _ catalog. 
Packard Communications Com- | 

ponents Division in accordance For the purpose of this reliabil- 

with the latest revision of MIL- йу data sheet, a failure is any | 

STD-750. Data was gathered part which fails to meet the 


1. Life Test 


A. Demonstrated Performance | 


| Units Total Total | Failure Rate 
Test Test Conditions Tested | Device Hrs. | Failed | 1%/1K Hrs. 
High Temp. Rev. | Vg = 80% Vas, Т, = 150°C _ 482,000 
Bias (HTRB) _ EE | 
(OL) | | = | 





Room Temp. Pim = 125 mW, T, = 25°C 297 297,000 ` 
Operating Ув = 80% Увв, 60 Hz 
Life (RTOL) ` | | | 


High Temp. 10 mA DC, T, = 150°С 287 287,500 
Operating | 
Life (HTOL) 


High Temp. ТА = 200°С 
Storage (HTS) | 


B. Failure Rate Prediction А 
The failure rate will depend on Ec 
the junction temperature of the Т, (°С) 


device. The estimated life at 
different temperatures is calcu- 
lated, using the Arrhenius plot 
with activation energy of 1.1 eV, 
and listed in the following table. 
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MEAN TIME TO FAILURE MTTF (HRS.) 
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JUNCTION TEMPERATURE T | °С 


8 





Notes: 2. The MTTF and failure rate represent This particular distribution is 

1. The point MTTF is simply the total the performance level for which there commonly used in describing useful 
device hours divided by the number of is а 90% probability ofthe device — life failures. | 
failures which can only be generated doing better than the stated value. 3. FIT is defined as Failure i in Time, о ог 
at elevated temperature. Data in the The confidence level is based onthe | specifically, failures per billion hours. 
above table is obtained by extrapola- statistics of failure distribution. The The relationship between MTTF and 
tion to lower temperature. assumed distribution is exponential. _ FIT is as follows: FIT = 10? (MTTF). 


C. Example of Failure Rate Calculation 
At 75?C with a device operating 8 hours a day, 5 days a week, the percent utilization is: 
% Utilization = (8 hrs/day x 5 days/wk) + 168 hrs/wk = 25% 


Then the point failure rate per year is: 
(1.2 x 10-10/hr.) x (25%) x (8760 hrs/yr) = 2.6 x 105% per year 


Likewise, the 9096 confidence level failure rate per year is: 
(2.7 x 10-10/hrs.) x (25%) x (8760 hrs/yr) = 5.9 x 105% per year 
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Solderability | 2996 260?C, 5 seconds | 580 | 
Solder Heat 2031 260°С, 10 seconds 2 — 


Thermal Shock 1056 -65°С/150°С, 5 min dwell 281 
200 cycles 
Temperature Cycle 1051 -65°С/150°С, 10 min dwell, 
| 200 cycles 
Mechanical Shock 2016 1500 gs, 0.5 msec pulse 316 
| 5 blows each Хх, У, У. 
| 2056 —— | inallaxis | 221 


Vibration Variable Freq. 20-2000 Hz, 20 g, 4 min all axis | 
1017 


Lead Integrity | 3eMmmum  — — 
Salt Atmosphere 1041 10-50 gr/m? @ 35?C, 24 hrs. 


MIL-STD-750 Units Total 
Test Reference Test Conditions Tested | Failed 


3. DOD-HDBK-1686 ESD Classification: 


HSCH-53XX Class I 
HSCH-55XX Class I 
HSCH-63XX Class I 
HSCH-65XX Class I 
5082-2XXX Class I 
HSCH-5800 Class III 
HSCH-68XX Class III 
5082-223X Class III 
5082-2263 Class III 
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HEWLETT 
PACKARD 


L; 











Tri Metal Beam Lead. : 
Schottky Diodes | - 5082-2207/08/09/10 














= 5082-2271/72 
(Non-Hermetic Packaged) _ BI 
ШЕ. 
Reliability Data I Dx 5082-2294 — 
| | ZEN 5082-2774/75 © 
| . 5082-2794/95 
5082-2831 
'The following cumulative test from the product qualification, | electrical and/or mechanical 
results have been obtained from reliability monitor, and / | specification listed in this 
testing performed at Hewlett- engineering evaluation. . catalog. 


Packard Communications Com- | 

ponents Division in accordance For the purpose of this reliabil- 
with the latest revision of MIL- ity data sheet, a failure is any 
STD-750. Data was gathered part which fails to meet the 


1. Life Test ` 
A. — Performance 


High Temp. | Vg = 80% VBR: 
Reverse Bias Т, = 150°C 
(HTRB) 






High Temp. 
Operating Т, = 125°C 
Life (OL) 
Room Temp. Ры = 125 mW, 25°С 997 
Operating Life Vg = 80% VBR: 60 Hz u * 
(OL) | | | 
High Temp. T, = 125°С 319 319,000 0 0 
Storage (HTS) 
B. Failure Rate Prediction 


| Point! | 90% Confidence Level" 


PEE E MTTF 
(Hours) ТЇЗ] (Hours) 


Junction 
Temp. 


Т, (°C) 










The failure rate will depend on 
the junction temperature of the 
device. The estimated life at 
different temperatures is calcu- 
lated, using the Arrhenius plot 
with activation energy of 0.9 eV, 
and listed in the following table. 
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MEAN TIME TO FAILURE MTTF (HRS.) | | 

Notes: 2. The MTTF and failure rate represent This particular distribution is com- 

1. The point MTTF is simply the total the performance level for which there monly used in describing useful life 
device hours divided by the number of is a 9096 probability of the device failures. 25025... JE 
failures which can only be generated doing better than the stated value. 3. FIT is defined as Failure in Time, or | 
as elevated temperature. Data in the . The confidence level is based on the specifically, failures per billion hours. 
above table is obtained by extrapola- Statistics of failure distribution. The ` The relationship between MTTF and | 
tion at low temperatures. | assumed distribution is exponential. FIT is as follows: FIT = 109МТТЕ). 


C. Example of Failure Rate Calculation 
At 50°C with a device operating 8 hours a day, 5 days a week, the percent utilization is: 


% Utilization = (8 hrs/day x 5 days/wk) + 168 hrs/wk = 25% 


Then the point failure per year is: 
(2.8 x 10-1o/hr) x (25%) x (8760 hrs/yr) = 6.1 x 10596 per year 


Likewise, the 9096 confidence level failure rate per year is: 
(6.4 x 10-10/hr) x (25%) x (8760 hrs/yr) = 1.4 x 104% per year 
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2. Environmental and Mechanical Tests | ` 


Test Reference Test Conditions Tested | Failed 
Solderability ZA UE 260°С, 5 seconds 
Solder Heat BENT 260?C, 10 seconds | 15 | 


Moisture Resistance | г 85°С/85% RH, biased, 1000 hrs. 


15 
Thermal Shock | | 1056 -65°С/125°С, 5 min. dwell, 144 
Е 200 cycles 


Temperature Cycle 








1051 -65°C/125°C, 10 min. dwell, 1784 
200 cycles | 
Lead Integrity >3 oz 214 0 
3. DOD-HDBK-1686 ESD 


Classification 
5082-220X Class I 
5082-2210 Class I 
5082-27 XX Class I 
5082-22ХХ Class ІП 
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HEWLETT 
PACKARD 
Surface Mount Schottky 
Diodes | E 
: 515 _ HSMS-000X ` 
Reliability Data V HSMS-001X 
mu HSMS-280X 
| | HSMS-281X 
_ HSMS-282X _ 
HSMS-284X 
The following cumulative test from the product qualification, electrical and/or mechanical 
results have been obtained from | reliability monitor, and specification listed in this 


testing performed at Hewlett- engineering evaluation. catalog. ^ 
Packard Communications Com- 

ponents Division in accordance For the purpose of this reliabil- 

with the latest revision of MIL- ity data sheet, a failure is any 

STD-750. Data was gathered part which fails to meet the 


1. Life Test 
A. Demonstrated Performance 


Units Total Total | Failure Rate 
Test Test Conditions Tested | Device Hrs. | Failed| 1%/1K Hrs. 
High Temp. Rev. | Ув = 80% Vpr, Т, = 150°C 804 828,045 
Bias (HTRB) 
Operating Life ТА = 25°C, Pry = 250 mW 1,068 999,884 
(O.L.) Үр - 80% Увв, 60 Hz 
High Temp. 10 mA DC, T, = 150°C 251,900 
Operating 
Life (HTOL) 
High Temp. TA = 150°С 2,917 1,836,660 
Storage (HTS) 


B. Failure Rate Prediction | Point | 90% Confidence Levell2! 









Junction 






The failure rate will depend on 
device. The estimated life at J** (C) (Hours) 


different temperatures is calcu- 
lated, using the Arrhenius plot 
with activation energy of 

1.33 eV, and listed in the 
following table. 


*MTTF data collected in Hermetic and Plastic Packages. 
**T, was calculated using a 0;, of 500°C/W. 
(Notes on reverse side.) 
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10 3 
MEAN TIME TO FAILURE MTTF (HRS.) 


Notes: is a 90% probability of the device commonly used in describing useful 

1. The point MTTF is simply the total doing better than the stated value. life failures. — 
device hours divided by the number of The confidence level is based on the . 8. FIT is defined as Failure in Time, or 
failures. statistics of failure distribution. The specifically, failures per billion hours. 

2. The MTTF and failure rate represent assumed distribution is exponential. | The relationship between MTTF and 
the performance level for which there This particular distribution is FIT is as follows: FIT = 109(МТТЕ). 


C. Example of Failure Rate Calculation | 
At 50°С with a device operating 8 hours a day, 5 days a week, the percent utilization is: 
% Utilization = (8 hrs/day x 5 days/wk) + 168 hrs/wk = 25% 


Then the point failure rate per year is: 
(7.0 x 10-12/hr) x (25%) x (8760 hrs/yr) = 1.5 x 109% per year 


Likewise, the 9096 confidence level failure rate per year is: 
(1.5 x 10-11/hr) x (25%) x (8760 hrs/yr) = 3.3 x 10976 per year 
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Ганы — | 2 | 215,5 seconds — — | s00 
Solder Heat — | 201 | 260°C, 10:08 | 46° 
Resistance to Solvent | 1022 | 4 Solvent Groupes | _ 


Moisture Resistance НР GSS 12-107 | 85°C/85% RH, biased, 1000 hrs. 311 
Method B 
Thermal Shock 1056 | -65/150?C, 5 min dwell, 615 
: 200 cycles | 


Temperature Cycle 1051 -65/150°C, 10 min dwell, | 
200 cycles 


Lead Integrity ШЕЕ 2.0 pounds minimum | 140 


MIL-STD-750 ч | Units | Total 
Reference Test Conditions | | Tested | Failed 


E 
Oo 
еј 


3. Flammability Test (MIL-STD-202, Method 111): 
Meets Needle Flame Test per UL Category D | 
(Flaming Time «3 sec.) under material classification 94V0. | 


4. DOD-HDBK-1686A ESD Classification: 
HSMS-00XX ME Class I | 
HSMS-280X/281X/282X |  ClassI 
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LA раскдро 


———Á———— á— ——— carn 


Surface Mount Schottky 
Diodes | | 











iabili | HSMS-8001 | 
Reliability Data HSMS-8001 
| | |  HSMS-8101 
HSMS-8011 
HSMS-8012 
HSMS-8202 
— 
The following cumulative test from the product qualification, electrical and/ or mech anical 
results have been obtained from reliability monitor, and specification listed in this 
testing performed at Hewlett- engineering evaluation. catalog. 


Packard Communications Com- | 

ponents Division in accordance For the purpose of this reliabil- 
with the latest revision of MIL- йу data sheet, a failure is any 
STD-750. Data was gathered part which fails to meet ће ` 


1. Life Test 0: | 
А, Demonstrated Performance 


Г а Test Conditions 
High Temp. Rev. Ур = 80% Тан Тл = 150°С 
Bias (HTRB) 














High Temp. Р, = 75 mW, ТА = 65°C 
Operating Ур = 80% Var 
Life (HTOL) 


| High Temp. Т, = 150°C | 129 "129,000 
Storage (HTS) | | | 
| 90% Confidence Level?! 


MTTF 
(Hours) 











B. Failure Rate Prediction 
The failure rate will depend on 
the junction temperature of the 
device. The estimated life at 
different temperatures is calcu- 
lated, using the Arrhenius plot 
with activation energy of 

1.05 eV, and listed in the 
following table. 


Junction 
Temp. 


Ty (°С) 
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MEAN TIME TO FAILURE не | hom 5,52 № 
Notes: is a 90% probability of the device commonly used in describing useful 


1. The point MTTF is simply the total doing better than the stated value. life failures. 
device hours divided by the number of The confidence level is based on the 3. FIT is defined as Failure i in "Time, or 
failures. statistics of failure distribution. The — . | specifically, failures per billion hours. 
2. The MTTF and failure rate represent | assumed distribution is exponential. | The relationship between MTTF and 


the pem level for which there ы на MM nace is FIT is as follows: FIT = 109(МТТЕ). 


С. Example of Failure Rate Calculation 
At 50°C with a device operating 8 hours a day, 5 days a week, the percent y utilization | is: 
| % Utilization = (8 hrs/day x 5 көтен + 168 hrs/wk = 25% js 


Then the point failure rate per year is: 
(4.0 x 10-11/1000 hrs.) x (2596) x (8760 hrs/yr) - 8. 76 x 10-996 per year 


Likewise, the 90% confidence level failure rate per year is: 
‚ (9.0.x 1011/1000 hrs. ) x (25%) x (8760 — 1.97 x 105% per year 
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2. Environmental and Mechanical Tests 0 i | 


кии Test Conditions Tested | Failed | 


Solder Heat | _ 260°C, 10 seconds | |0 | 46 | 0 0 
Resistance toSolvent | 1022 | 4solventgroups | 98 | o 
Moisture Resistance | č č 85°С/85% RH, biased, 1000 hrs. | 


Thermal Shock 1056 -65/150°C, 5 min dwell, 163 
| 200 cycles 
Temperature Cycle 1051 -65/150?C, 10 min dwell, 


200 cycles 
Lead Integrity ° | 2-07 








_ MIL-STD-750 
_ "Reference 






















3. Flammability Test: | 


Meets Needle Flame Test Category D (Flaming Time «3 sec.) under 
material classification 94V0. | | 


4. DOD-HDBK-1686A ESD Classification: 
HSMS-8001/8002/8011/8012/8101/8202 Class I 
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Passivated General Purpose 


Schottky Diodes 


Reliability Data 


The following cumulative test — 
results have been obtained from 
testing performed at Hewlett- 
Packard Communications Com- 
ponents Division in accordance 
with the latest revision of MIL- 
STD-750. Data was gathered 


1. Life Test 


A. Demonstrated Performance 


Units 
Test Test Conditions 


Tested | Device 


Vg = 80% Vpr, Т, = 200°C 


Pg, = 250 mW, T, = 25°C 
Ур = 80% VBR 60 Hz 


High Temp. Rev. 
Bias (HTRB) 


Room Temp. 
Operating Life 
(RTOL) 








High Temp. TA = 200°C 
Storage (HTS) 


B. Failure Rate Prediction 
The failure rate will depend on 
the junction temperature of the 
device. The estimated life at 
different temperatures is calcu- 
lated, using the Arrhenius plot 
with activation energy of 1.2 eV, 
and listed in the following table. 


from the product qualification, 
reliability monitor, and 
engineering evaluation. | 


For the purpose of this reliabil- 
ity data sheet, a failure is any 
part which fails to meet the 















Junction 
Temp. 


T; CC) 
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Total 
ice Hrs. 


SA 


Pointu | 90% Confidence Leveln 


MTTF 
(H 


LA] PACKARD 


135711, -5712 
9082-0024 
5082-0087 ` 
5082-0097 

. 0082-2080 
5082-2800 | 
5082-2804/05 
5082-2810/11 
5082-2813/14/15 
5082-2817/18 
5082-2824 
5082-2826 
5082-2835/36 


electrical and/or mechanical 


Specification listed in this 


catalog. 


Total 


Failure Rate 
Failed| 1% 


ІК Hrs. 
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| MEAN TIME TO FAILURE MTTF (HRS.) 
Notes: is a 9096 probability of the device commonly used in describing useful 
1. The point MTTF is simply the total doing better than the stated value. life failures. | | | 
device hours divided by the number of The confidence levelis based on the 3. FIT is defined as Failure in Time, or | 
failures. statistics of failure distribution. The _ specifically, failures per billion hours. 
2. Тһе MTTF and failure rate represent assumed distribution is exponential. The relationship between MTTF and 
the performance level for which there This particular distribution is FIT is as follows: FIT = 109(MTTF). 


C. Example of Failure Rate Calculation 
At 75°C with a device operating 8 hours a day, 5 days a week, the percent utilization is: 
96 Utilization = (8 hrs/day x 5 days/wk) + 168 hrs/wk = 25% 


Then the point failure rate per year is: 
(1.0 x 10-10/ г.) x (25%) x (8760 hrs/yr) = 2.2 x 105% per year 


Likewise, the 90% confidence level failure rate per year is: 
(2.3 x 10-!%hrs.) x (25%) x (8760 hrs/yr) = 5.1 x 105% per year 
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mm MIL-STD-750 Units | Total 
B Test Reference Test Conditions Tested | Failed | 
Solderability | | 206 | 260°С, 5 seconds 
Solder Heat 2031 260°С, 10 seconds 4 — 


Resistance to Solvent 1022 4 solvent groups 
Thermal Shock 1056 -65/200°С, 5 min dwell, 116 
| л | 200 cycles | 
Temperature Cycle 1051 -55°C/100°C, 10 min dwell, 416 | 
| 200 cycles | | | 
Mechanical Shock 2016 | 1500 g's, 0.5 msec pulse 272 
| 5 blows each X1, Y1, Y2 


Acceleration — — | 206 | 20,000gs, 1min, ZLY, Y2 | 1$ _ 
Vibration Variable Freq. | | 2056000 _ 20-2000 Hz, 20 в, 4 min all axis 
Hermeticity 


3. DOD-HDBK-1686 ESD Classification: 
5082-28XX — Class I 
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Passivated P-Type 


Microwave Schottky Diodes 


Reli ability Data 


Description 


For applications requiring com- | 


ponent reliability estimation, 
Hewlett-Packard provides ` 
reliability data for all families of 
devices. Data is compiled from 
reliability tests run to demon- 
strate that a product meets the 
specified design criteria. | — 
Periodically, additional tests are 
run. The data on this sheet | 
represents the latest review of 
accumulated test results. All 
data recorded here is for P-type 
passivated microwave Schottky 
diodes mounted in non-hermetic 
sealed unsealed 44 packages. 


| 
ІШІН 


JUNCTION TEMPERATURE, Т; P 


f Applications 


This information represents the 
capabilities of the generic 


device. Failure rate and MTTF ` 


values presented here are 
achievable with normal MIL-S- 


19500 test screening. Reliability 


can be guaranteed only under 


specified conditions and LTPD 


levels. | 


MTTF (HOURS) 


ГУ posts 











Applicable Part 
Numbers 


5082-0009 
5082-2750 
5082-2751 | 
5082-2755 
5082-2787 
5082-9891 
HSCH-3486 


Mean Time to Failure vs. Junction Temperature 
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Burn-In and Storage 


Тев | TestConditions: | ^ LTPDper1000Hours. 
High Temperature Life Storage at 125°С 








Vem = 80% of VBR 
Т, =25°С f-60Hz 





Note: 
1. 1000 hours minimum on all life tests. 


Environmental 
MIL- 
Test STD-750 Test Conditions LTPD 


Temperature Cycling . 1051C 10 cycles from -65°C to 200°C, 
| BG 5 hrs. at extremes, 5 min. transfer 


Thermal Shock | 1056 10 cycles from 0°С to 100?C, 3 sec. transfer | 
Mechanical Shock 5 blows each at X,, X, Y, 1500 G, 0.5 msec. pulse 


Vibration Fatigue _ 2046 20 G min,60Hz © mE 


Vibration Variable four 4 min. cycles each X, Y, Z at 20 
Frequency 
































Gm, | 
| | 100to 2000 Hz | a db 
Moisture Resistance .| 1021 _ 240 hours, 90-98% relative humidity | 
Salt Atmosphere _ 1041 35°C fog for 24 hours ` | | | i 
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Passivated N-Type 
Microwave Schottky Diodes 





Reli ability Data 


_ Applic ations 
This information represents the 
capabilities of the generic ` 
device. Failure rate and MTTF 
values presented here are | 
achievable with normal MIL-S- 


Description B 


For applications requiring com- - 
ponent reliability estimation, 
Hewlett-Packard provides | | 
reliability data for all families of - 
devices. Data is compiled from 
reliability tests run to demon- 
strate that a product meets the 
specified design criteria. 
Periodically, additional tests are 
run. The data on this sheet | 
represents the latest review of 
accumulated test results. All 
data recorded here is for N-type 
passivated microwave Schottky 
diodes mounted in non-hermetic 
sealed unsealed 44 packages. 


can be guaranteed only under 


| levels. | 


150 Il 


JUNCTION TEMPERATURE, T, (°С) 


MTTF (HOURS) 


_ 19500 test screening. Reliability Е 


specified conditions and LTPD | 











Mean Time to Failure vs. Junction Temperature 
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Ú HEWLETT 

FË PACKARD 
Applicable Part 
Numbers. | Е 
5082-0013 5082-2702 | 
5082-0023 ` 5082-2706 | 
5082-0029 5082-2707 
5082-0041 5082-2711 ` 
5082-2273 5082-2712 | 
5082-2274 . 5082-2713 © 
5082-2295 ` ` 5082-2714: 

. 5082-2296 . |... 5082-2123 | 
5082-2297 5082-2724 ` 
5082-2298 _ HSCH- 3206 
5082-2701 HSCH-3207 


eue Ss 5 
m 4 е ея 
А а та ! 
Җ >. d^ с 


- “% - 


Burn-In and Storage 





Test Conditions!!! LE СТРО per 1000 Hours | 


High Temperature Life Storage at 125°C —— | — 30 | 


Steady State Operating Life 





Note: 
1. 1000 hours minimum on all life tests. 


MIL- 
STD-750 Test Conditions 
Temperature Cycling _ . 1051C 10 cycles from -65°C to 125°C, 


| 5 hrs. at extremes, 5 min. transfer 
Thermal Shock 1056 


Environmental | 














10 cycles from 0°C to 100°C. 3 sec. transfer a | 

















Mechanical Shock | | 2016 5 blows each at X, Х,, Y, 1500 С, 0.5 msec. pulse 0 
Vibration Fatigue | 20 G min, 60 Hz | LLL 
Vibration Variable four 4 min. cycles each X, Y, Z at 20 С min, | 


Frequency 100 to 2000 Hz | 
Constant Acceleration 2 2006 — 20 KG, 1 minute per axis 
Moisture Resistance | 1021 240 hours, 90-98% relative humidity 


Salt Atmosphere __ 1041 35°С fog for 24 hours mm 


+. 





- 
` - 
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Mesh Schottky Diodes 
Reliability Data 

Description Applications 

For applications requiring com- = This information represents the 
ponent reliability estimation, capabilities of the generic 
Hewlett-Packard provides device. Failure rate and MTTF 
reliability data for all families of values presented here are 
devices. Data is compiled from achievable with normal MIL-S- 
reliability tests run to demon- 19500 test screening. Reliability | 
strate that a product meets the сап be guaranteed only under 
design criteria. Periodically, specified conditions and LTPD 
additional tests are run. The levels. m 


data on this sheet represents 
the latest review of accumulated 
test results. All data recorded 
here is for mesh Schottky diodes 
mounted in hermetically sealed 
glass packages. 


1 50 | | | INQ E | | 


JUNCTION TEMPERATURE, Ty (°C) 


“т = 104 105 | 106 


MTTF (HOURS) 


L; 
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Applicable Part 


Mean Time to Failure vs. Junction Temperature 
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Numbers 
5082-2301 5082-2401 
5082-2302 5082-2520 
5082-2303 5082-2521 
5082-2306 5082-2565 
5082-2308 5082-2566 

. 5082-2350 5082-2900 
5082-2351 5082-2912 
5082-2356 / 5082-2970 
5082-2370 5082-2997 
5082-2396 HSCH-3486 
5082-2400 | 


Г 
ШІ! 


Burn-In and Storage 


| Tet [|  TestConditions] |  LTPDper1000Hours 
High Temperature Life Storage at 100?C 


Steady State Operating Life 






Vem = 80% of Ver 
T,=25°C #= 60 Hz 


High Temperature Reverse Bias Vg = 80% of Var 
Ta = 100°С 


Note: 
1. 1000 hours minimum on all life tests. 






Environmental 





| Test Conditions 
10 cycles from -65°C to 100°C, 
5 hrs. at extremes, 5 min. transfer | 
10 cycles from 0°С to 100?C, 3 sec. transfer 
5 blows each at X,, X,, Y, 1500 С, 0.5 msec. pulse 
ch X, Y, Z at 20 G min, | 









Temperature Cycling -| 1051С 


Thermal Shock 
Mechanical Shock 

















four 4 min. cycles ea 
100to2000Hz 
240 hours, 90-98% relative hum 
Condition A и 
Sn 95, РЬ 5, 260°C 














Vibration Variable Жай | 
Frequency 
[Sddembiliy — | 206 — 





idity " 
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Characteristics of PIN 
Diodes 

The most important feature of 
the PIN diode is its basic 

. property of being an almost 
pure resistor at RF frequencies, 
whose resistance value can be 
varied from approximately 
10,000 Q to less than 1 Q by the 
control current flowing through 
it. Most diodes exhibit this 
characteristic to some degree, 
but the PIN diode is optimized 
in design to achieve a relatively 
wide resistance range, good 
linearity, low distortion, and 
low current drive. The 
characteristics of the PIN diode 
make it suitable for use in 
switches, attenuators, modula- 
tors, limiters, phase shifters, 


and other signal control circuits. 


Device Characteristics 

The principal parameters of a 
PIN diode which play major 

roles in determining the per- 

formance of a circuit include the 
following: 


RF Resistance 

The PIN diode structure 
consists of an I (Intrinsic) layer 
of very high resistivity material 


sandwiched between regions of | 


highly doped P (positively 
charged) material and N (nega- 
tively charged) material. With 
reverse or zero bias, the I-layer 
is depleted of charges and the 
PIN diode exhibits very high 
resistance. When forward bias 
is applied across the PIN diode, 
positive charge from the P 
region and negative charge from 
the N region are injected into | 
the I-layer, therefore increasing 
its conductivity and lowering its 
resistance. The high off resis- 
tance and low on resistance 
make the PIN diode attractive 
for switching applications. 


At RF frequencies, the PIN 
diode with forward bias behaves 
essentially as a pure resistor. 
The resistance of the PIN diode 


15 related to the bias current, 


the geometry of the I-layer and 
the properties of the carriers. 
For a given type of PIN diode 
with uniform characteristics, 
resistance is inversely 


. proportional to the forward bias 


current. Whereas, only high off 


. resistance and low on resistance 


are important in switching 
applications, the resistance 
characteristics in the entire 


dynamic range are of concern in 


attenuator applications. 


_ Linearity of resistance with bias 
. makes the PIN diode useful for _ 
 attenuator applications. 


Carrier Lifetime 

An important parameter of 

the PIN diode is the carrier 
lifetime, t, which is useful for 
defining the low frequency limit, 
f, = 1/2nt, for linear perfor- 
mance of the diode. For RF 


signal frequencies below f,, the _ 


PIN diode rectifies the signal 
much like an ordinary PN - 


junction diode, and considerable | 


output distortion results. (See 
Application Note 957-3 for 


additional discussion on rectifi- | 


cation causes and effects). At- 
frequencies above f,, less rectifi- 
cation occurs with increasing 


. frequency, allowing the PIN 


diode to appear more linear, 
approaching a pure resistor. 


For applications requiring good 
linearity and low distortion the 
minimum signal frequency 
should be ten times f,, i.e., 
10/2лт, = 1.6/1. This restriction 
is not important in switching 
applications, where the diode is 
normally biased either com- 
pletely OFF or ON. In those 


Гыз = = 


states, since most of the power 
is either reflected or trans- | 
mitted, the effect of RF current 
on the total charge is small and 


distortion is not a problem. 


Capacitance 

Diode capacitance limits switch | 
and attenuator performance at 
high frequencies in the form of 
isolation rolloff and increased 
insertion loss. Optimum per- 
formance can be achieved by 
one of several alternatives 
available, Using a low capaci- 


. tance diode would be one 
‘solution. Since the junction 
capacitance of a PIN diode is 
related to the geometry and | 


electrical properties of the I- | 


_ layer similar to the case of RF 


resistance, an R-C trade-off may | 


be feasible. Special techniques | 
can be employed to minimize 


capacitive (and other parasitic) 7 


. effects, and іп some cases even | 
. to take advantage of them. 


(Some of the techniques for 
improving high frequency 
performance are discussed in 
Application Notes 922 and 
957-2.) 


Reverse Recovery Time 
Reverse recovery time is a 


measure of switching time, and 
X 1s dependent on the forward and 


reverse bias applied. With 
forward bias current, charge is 
stored in the I-layer. When a 
reverse pulse is applied, reverse 
current will flow for a short 
period of time, known as delay 
time, ta. When а sufficient 
number of carriers have been 


. removed, the current begins to 
decrease. The time required for 


the reverse current to decrease 


from 90% to 10% is called the 
_ transition time, t,. The sum, 


ta + |, is the reverse recovery 
time, which is a measure of the 


time it takes to switch the diode 
from ON to OFF. 


Reverse Breakdown Voltage 
The reverse breakdown voltage 
defines the maximum signal 
level which may be applied to 
the diode. Operation at signal 
levels above the reverse break- 
down voltage may result in 
degradation of diode character- 
istics or in permanent damage 
to the diode. 


Applications of PIN 
Diodes 

PIN diodes are used principally 
for the control of RF and micro- 
wave signals. Applications 
include switching, attenuating, 
modulating, limiting and phase 
shifting. Certain diode require- 
ments are common to all these 
control functions, while others 
are more important in a particu- 
lar type of usage. 


Switching Applications 

The performance of a PIN diode 
circuit is directly related to the 
basic characteristics of the 
diode. Аз an illustrative 
example, the performance of a 
PIN diode switch can be simply 
approximated by treating the 
PIN diode essentially as a 
resistor in the forward biased 
state and a capacitor in the 
reverse biased state. Switch 
performance can then be 
analyzed as follows: 


Insertion Loss 

The loss of signal attributed to 
the diode when the switch is on 
(transmission state) is insertion 
loss. For low insertion loss, low 
resistance is needed in a series 
switch (Figure 1). Low capaci- 
tance (particularly at high 
frequencies) is needed in a 
shunt switch (Figure 2). 


INSERTION LOSS (dB) 


INSERTION LOSS (dB) 


Рая 


5082-0001, 0012 
82-0034 


DIODE RESISTANCE — R (OHMS) 


Figure 1. Typical Insertion Loss of 
Series Diode Switch. 


I.L. = 10 log 
[1+ (507fC)2] 





FREQUENCY (GHz) 


Figure 2. Typical Insertion Loss of 
Shunt Diode Switch. 


Isolation 

Isolation is the measure of RF 
leakage between the input and 
output when the switch is off. 
For high isolation (low trans- 
mission ) low capacitance is 
required in a series switch 
especially at high frequencies 
(Figure 3). Low resistance is 
required in a shunt switch 
(Figure 4). 


Switching Speed 
In many applications, switching 
time is very important. Reverse 


РАП 
В 
ШЕРЖЕТІ 





1 
0071C 


ISOLATION (dB) 





FREQUENCY (GHz) 


Figure 3. Typical Isolation of Series 
Diode Switch. 


recovery time is a measure of 
the switching time of a PIN 
diode, the time required to 
switch the diode from ON to 
OFF. The time needed to switch 
the diode from OFF to ON is 
shorter. (See Application Note 
929 for details.) 


Power Handling Capability 
The RF power (CW or pulse) 
that can be handled safely by а 
diode switch is limited by two 
factors — the breakdown voltage 
of the diode, and thermal con- 
siderations, which involve the 
maximum junction temperature 
and the thermal resistance of 
the diode and packaging. Other 
factors affecting power handling 
capability are ambient tempera- 
tures, frequency, attenuation 
level (which is related to diode 
resistance), pulse width and 
duty cycle. (See Application 
Note 922 for details.) 


Attenuators 

Whereas a switch is used only 
in its maximum ON or OFF 
state, an attenuator is operated 
throughout its dynamic range 
(or resistance range in the case 
of a diode attenuator). Although 
a single diode series or shunt 
switch can be used as an attenu- 
ator, it cannot offer in its entire 





O PI di 
5082-0034 


ISOLATION (dB) 


ISOLATION = 20 log ( + 





5082-0001, -0012 
` «а 





) | NOON 
5082-3900 


DIODE RESISTANCE — В (2) 


Figure 4. Typical Isolation of Shunt Diode Switch. 


dynamic range constant input 
and output impedance, which is 
required for optimum source 
and load matching in most 
attenuator applications. By 
using a multiple diode circuit 
such аѕал, T, or bridged-T 
attenuator, constant input and 
output impedance can be 
achieved throughout the attenu- 
ation range. 


Ап additional requirement in 
most attenuator applications is 
low distortion. Distortion can be 
kept at a minimum, if the 
carrier lifetime of the PIN diode 
used is greater than the inverse 
of the signal frequency, prefer- 
ably t > 1.6/f, where 1 is the 
carrier lifetime and f is the 
signal frequency. 


Limiters 

Sensitive amplifiers, mixers, 
and detectors in microwave 
systems can be protected 
against damage by high level 
signals with the use of a PIN 
diode limiter shunting the 
transmission line. 


A PIN diode limiter is essen- 
tially an attenuator that uses 
self bias rather than externally 
applied bias. As the RF input 
increases the rectified current 
generated by the PIN diode (in 
some limiter circuits by an 
auxiliary Schottky diode) biases 
the diode to a low resistance 
state. Most of the input power is 
then attenuated, allowing very 
little to be transmitted. The 
sensitive equipment that follows 
is thus protected. 


For a limiter circuit to be 
efficient, it is essential that the 
PIN diode has fast switching 
time. Without an auxiliary 
diode, a PIN diode with good 
rectification efficiency is needed 
to achieve low resistance. 
Another diode requirement is 
good heat transfer character- 
istics (low thermal resistance). 


Phase Shifters | 

The high speed switching 
capabilities and low ON and 
high OFF resistance states of 
the PIN diode make it also very 


useful for many types of high 
speed, current controlled phase 
shifter applications. Another 
important requirement for these 
application is the uniformity of 
diode characteristics such as 
capacitance and resistance, 
particularly in systems where a 
large number of elements are 
involved. 


Pin Diode Selection. 
Guide | 
Hewlett-Packard PIN diodes ar 
available in chip form and 
several types of packages, which 
lend themselves more suitable 
for particular applications. 


For switching, attenuating, and 
other general purpose applica- 
tions particularly in the VHF/ ` 
UHF range, the low cost glass 
package (Outline 15) and new 
surface mount, SOT-23 package 
are suitable. Due to their low ` 
parasitics, ceramic packages 
(Outlines 31 and 38) are suited 
for broadband circuits up to 1 
GHz and for resonated narrow- 
band circuits up to 8 GHz. In 
addition, they have medium 
power handling capability. 


Stripline Packages (Outlines 60 
and 61) containing built-in low 
pass matching circuits, can be | 
used in broadband designs up to 
10 GHz for Outline 60, and 18 
GHz for Outline 61. Because of 
good heat sinking, they can | 
handle high power in switching, 
attenuating and limiting 
applications. 


The beam lead devices with low 
parastics are designed for use in 
stripline or microstrip circuits 
using welding ог thermocom- | 
pression bonding techniques. 


Surface Mount PIN Diodes 
Available Configurations Б 







Attenuator | 
50 
HSMP-4810 
EB 





HSMP-3833 | HSMP-3834 
O KR | K 


F 24 
[5082-0012 | General |5082-3077 | HSMP-3830 | HSMP-3831 | HSMP-3832 
: Purpose KO Ki K2 
| Switch HSMP-3880 | HSMP-3881 
Low Distortion S0 $1 


3 
HSMP-3883 | 
G3 | 


HSMP-3890 | HSMP-3891 | HSMP-3892 
G Gi | G 


: Low 
Capacitance 


4 
HSMP-3894 | HSMP-4890 
бб | GA 


Note: SOT-23 available in both standard and low profile. Low profile:denoted in package marking code with suffix "L". For example, "А0" — standard 
profile; "AOL" - low profile. р | | | 5 5 





RF PIN Diodes 











Lifetime t 








































































Part 
Package Page 
glass axial lead | 
5082-3001 t glass axial lead 
5082-3039 glass axial lead 
JAN/TX/1N5719 glass axial lead 
5082-3077 glass axial lead 
5082-3188 glass axial lead 
5082-3168} glass axial lead 
5082-30801 glass axial lead 
1N5767 glass axial lead 
9082-3379 . glass axial lead 
5082-30811 glass axial lead 
HSMP-3800 500 SOT-23, single 
HSMP-3801 _ 500 SOT-23, single 
HSMP-3802 500 SOT-23, series 
HSMP-3804 500 SOT-23, common cathode 
HSMP-3810 . 300 SOT-23, single 
HSMP-3811 300 SOT-23, single 
HSMP-3812 300 SOT-23, series 
HSMP-3813 300 SOT-23, common anode 
HSMP-3814 300 SOT-23, common cathode 
HSMP-3820 7 SOT-23, single | 
HSMP-3821 7 SOT-23, single 
HSMP-3822 7 SOT-23, series 
HSMP-3823 7 SOT-23, common anode 
HSMP-3824 7 SOT-23, common cathode 
HSMP-3830 80 SOT-23, single 
HSMP-3831 80 SOT-23, single 
HSMP-3832 80 SOT-23, series 
HSMP-3833 80 SOT-23, common anode 
HSMP-3834 80 SOT-23, common cathode 
HSMP-3880 550 SOT-23, single 
HSMP-3881 550 SOT-23, single 
HSMP-3890 - SOT-23, single 
HSMP-3891 - SOT-23, single 
HSMP-3892 - SOT-23, series 
HSMP-3893 - SOT-23, common anode 
HSMP-3894 - SOT-23, common cathode 
HPND-00011 500 chip 
HPND-00021 300 chip 
HPND-00031 7 






chip 





"Rs Max. at 10 mA 

“Rg Max. at 5 mA 

ЈЕ = 10 mA, IR = 6 mA. 

Standard Hi-Rel version available. 

[a] Lifetime measured at Ip = 50 mA, Ip = 250 тА. 
For reliability data see pages 4-60 — 4-68. 





Microwave PIN Diodes 
Silicon PIN Diodes 


Part C; Typ. М: T Ven Min. trt Min. | Lifetime, Typ. 
Number F) E ш (ns) 

5082-0001** 
5082-0047 
HPND-4050** 
HPND-4018** 
5082-3900 
5082-3305 
5082-3306 
HPND-4005** 
5082-0012** 
5082-0030*** 
5082-3101 
5082-3102 
5082-3201 
5082-3202 
5082-3203 
5082-3204 
HPND-4029** 
HPND-40398** 
5082-3042** 
5082-3043 
HSMP-4810 
HSMP-4820 
HSMP-4890 





Silicon Stripline PIN Diodes 


Part Isolation Min.. | Insertion Loss Max. Lifetime, t Typ. 
Number a = SWR Мах. (ns) — is 
35 





‘Denotes anode heat sink; all other parts are cathode heat sink. 
Max. at 5 mA. 

1. = 10 mA, la 236 mA. 

tStandard Hi-Rel version available. | 

For reliability data see pages 4-60 - 4-68. 
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Small Signal RF PIN Diode 
Chips for Hybrid Integrated 





Circuits . 

Technical Data = HPND-0001 
HPND-0002 
HPND-0003 

Features 


е Thermocompression/ 
Thermosonically Bondable 

* Idealfor Hybrid Integrated 
Circuits 

е Gold Metallization 

e Silicon Nitride Passivation 

* Uniform Electrical Charac- 
teristics 

e Batch Matched Versions 
Available 

* Planar Construction | | Outline 01B 

| | Chip Dimensions _ 


DIMENSIONS 





Description | 
These PIN/NIP diode chips are | 
specifically designed for hybrid 
applications requiring thermo- 
sonic or thermocompression 
bonding techniques. The top 
metallization is a layer of gold | 
for a tarnish free surface that 
allows either thermosonic or 
thermocompression bonding 





| Ү 
(0.03) (1) 


ТОР СОМТАСТ | CATHODE | CATHODE 


BOTTOM CATHODE | — 
СОМТАСТ | 





techniques. The bottom metalli- DIMENSIONS IN MILLIMETERS (1/1000 INCH). 

zation is also gold, suitable for 

epoxy or eutectic die attach 

method. Applications 
These small signal, general switches, digital phase shifters, 
purpose PIN/NIP diode chips pulse and amplitude modula- 


are optimized for various analog tors, limiters, leveling, and 
and digital applications such as attenuating. 


Maximum Ratings 
Junction Operating and Storage 


Temperature Range ....................... 


TA == 25°С 


Py Power Dissipation ..................... 


(Measured in an infinite heat sink derated linearly 


to zero at 150?C.) 


Operation in excess of any one of these conditions may result in 


permanent damage to this device. 


Electrical Specifications at T, = 25°С 







Conditions 


Assembly and Handling 
Procedures for PIN 
Chips | 

1. Storage 

Devices should be stored in a 
dry nitrogen purged dessicator 
or equivalent. 


2. Cleaning 

If required, surface contamina- 
tion may be removed with 
electronic grade solvents such 
as freon (T.F. or T.M.C.), 
acetone, deionized water, and 
methanol used singularly or in 
combinations. Typical cleaning 
times per solvent are one to 
three minutes. DI water and 
methanol should be used (in 
that order) in the final cleans. 
Final drying can be accom- 
plished by placing the cleaned 
dice on clean filter paper and 
drying with an infrared lamp for 







Nearest Nearest 
Equivalent | Equivalent 
Surface Mount| Axial Lead | Breakdown| Maximum 


Part No. 





Capacitance 
C, (pF) 


5-10 minutes. Acids such as 
hydrofluoric (HF), nitric 
(НМО.), and hydrochloric (НСІ) 
should not be used. 


The effects of cleaning methods/ 
solutions should be verified on 
small samples prior to submit- 
ting the entire lot. 


Following cleaning, dice should 
be either used in assembly 


(typically within a few hours) or 


stored in clean containers in a 
reducing atmosphere or a 
vacuum chamber. 


3. Die Attach 

a. Eutectic 

Eutectic die attach can be 
accomplished by "scrubbing" the 
die with/without a preform on 


the header to combine with the ` 


silicon in the die. Temperature 


4-9 





is approximately 400°C, with ` 
heating times of 5-10 seconds. 

(Note—times and temperature 

utilized may vary depending on 
the type, composition, and heat 
capacity of the header or sub- 0/0 
strate used.) This methodis _ 
recommended for the HPND- 
000X series. 2 Е 


b. Epoxy mE 

For epoxy die-attach, conductive 
silver-filled epoxies are recom- | 
mended. This method can be | 
used for all Hewlett-Packard 
PIN chips. | 


4. Wire Bonding | 

Either ultrasonic, thermosonic 
or thermocompression bonding 
techniques can be employed. 
Suggested wire is pure gold, 0.7 
to 1.5 mil diameter. | 
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PIN Diode Chips for Hybrid 
MIC Switches/Attenuators 


Technical Data 


Features 

ө Low Series Resistance 
0.8 Q Typical 

e Nitride Passivated 


Description | 

These PIN diode chips are 
silicon dioxide or nitride passi- 
vated. The 5082-0001 hasa | 
mesa construction and the 5082- 
0012, -0030, and -0047 have a 
pitted planar construction that 
includes a pit etched into the 


backside of the chip. The fabri- - 


cation processes are optimized 
for long term reliability and 
tightly controlled for uniformity 
in electrical performance. | 


Applications 

These general purpose PIN 
diodes are intended for low 
power switching applications 
such as duplexers, antenna 
switching matrices, digital _ 
phase shifters, time multiplex 
filters, TR switches, pulse and 
amplitude modulators, limiters, 
leveling circuits, and _ 
attenuators. = 


The 5082-0001 is optimized for 
applications requiring fast | 
switching. | | 


5082-0001 
5082-0012 
5082-0030 
5082-0047 





5082-0001 ALL OTHER CHIPS 











Maximum Ratings 

Junction Operating and Storage _ g 

Temperature Ranges.....................................................-65°O to +150°C 

Soldering Temperature | | DR 
5082-0001................................................... ...+300°С for 1 min. max. 
5082-0012, -0030, -0047............................... +425°С for 1 min. max. 
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Electrical Specifications at T, = 25°С 






Nearest 
Equivalent 


Assembly and Handling 
Procedures for PIN 
Chips 

1. Storage | 
Devices should be stored in a 
dry nitrogen purged dessicator 
or equivalent. 


22. Cleaning 

If required, surface contamina- 
tion may be removed with 
electronic grade solvents such 
as freon (Т.Е. or T. M.C.), 
acetone, deionized water, and 
methanol used singularly or in 
combinations. Typical cleaning 
times per solvent are one to 
three minutes. DI water and 
methanol should be used (in 
that order) in the final cleans. 
Final drying can be accom- 
plished by placing the cleaned 
dice on clean filter paper and 
drying with an infrared lamp for 


Minimum 


Maximum 
Junction 
Capacitance 


5-10 minutes. Acids such as 


hydrofluoric (HF), nitric (НХО;) 
and hydrochloric (HCl) should 
not be used. 


The effects of cleaning methods/ 
solutions should be verified on 
small samples prior to submit- 
ting the entire lot. 


Following cleaning, dice should 
be either used in assembly 
(typically within a few hours) or 
stored in clean containers in a 
reducing atmosphere or a vacu- 
um chamber. 


3. Die Attach 

а. Eutectic | 

5082-0001 

AuSn preform with stage 
temperature of 300°C for one 
minute max. 


4-11 


Typical Parameters 


5082-0012, 5082-0030, and | 
5082-0047 Ея 
AuSn preform with stage 
temperature of 310°C for one ` 
minute max. AuGe preform 
with stage temperature of 390?C 
for one minute max. 


b. Epoxy | 

For epoxy die-attach, conductive 
silver-filled or gold-filled epoxies 
are recommended. This method 
can be used for all Hewlett- — 
Packard PIN chips. Е 


4. Wire Bonding 

Either ultrasonic, or thermo- 
compression bonding techniques 
сап be employed. Suggested _ 
wire is pure gold, 0.7 to 1.5 mil 
diameter. Ultrasonic bonding 
method should be avoided for 
the 5082-0001 diode chip. 
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Beam Lead PIN Diode 


Technical Data 


Features 

° High Breakdown Voltage 
120 V Typical 

е Low Capacitance 
0.017 pF Typical 

е Low Resistance 
4.7 Q Typical 


e° Rugged Construction 
4 Grams Minimum Lead Pull 


e Nitride Passivated 


Description 

The HPND-4005 planar beam 
lead PIN diode is constructed to 
offer exceptional lead strength 
while achieving excellent elec- 
trical performance at high 
frequencies. High beam strength 
offers users superior assembly 
yield, while extremely low 
capacitance allows high isola- | 
tion to be realized. | 


Nitride passivation and poly- | 
imide coating provide reliable 
device protection. 


Applications 

The HPND-4005 beam lead PIN 
diode is designed for use in 
stripline or microstrip circuits. 
Applications include switching, 
attenuating, phase shifting, 
limiting, and modulating at 
microwave frequencies. The 
extremely low capacitance of the 


J HPND-4005 











CATHODE | 
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, | e 7 А7777 E. (25) 
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oo Z77772 190 (5-1 
7777/7]... 110 14.3 
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| 760 (29.9) | 
an [ Те  —— 502 


25 MIN (1.0) — 
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DIMENSIONS IN um (1/1000 inch) 


Outline 21 


Maximum Ratings | | 

Operating Temperature.............................................. -65°C to +175°C 

Storage Temperature....................................... — -65?C to +200°С 

Power Dissipation at Tcasg = 25°С ..........:............... ...............250 mW 
(Derate linearly to zero at 175?C.) | 

Minimum Lead Strength .......................... .4 grams pull on | either lead 

Diode Mounting Temperature .......................... 220?C for 10 sec. max. 


HPND-4005 makes it ideal for Bonding and Handling 
circuits requiring high isolation Procedures 
in a series diode configuration. See page 4-24. 
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Electrical Specifications at Т, = 25°C 










Test Ip = 10 нА I; = 20 mA в = 10 V 
Conditions Ip = 100 MHz f = 10 GHz 
Notes: LL | 
1. Total capacitance calculated from measured isolation value in a series configuration. 
2. Test performed on packaged samples. 


Typical Parameters 





FORWARD CURRENT (mA) 
RF RESISTANCE (9) 





25 50 75 1.00 1.25 : 
FORWARD VOLTAGE (V) FORWARD BIAS CURRENT (mA) 
Figure 1. Typical Forward Conduction Characteristics. Figure 2. Typical RF Resistance vs. Forward Bias 
| Current. 





. ISOLATION АТ: ` 


ISOLATION (dB) 


З 





INSERTION LOSS AT: 
10 mA 


— 22 mA _ 
-e MÀ 
в... 


INSERTION LOSS (dB) 
CAPACITANCE (pF) 


10 





1 10 18 
FREQUENCY (GĦ) — _ REVERSE VOLTAGE (VOLTS) 
Figure 3. Typical Isolation and Insertion Loss in the Figure 4. Typical Capacitance at 10 GHz vs. Reverse 
Series Configuration (Z, = 50 О). | Вїав. 
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Technical Data 


Features 

е Low Capacitance 
0.025 pF Maximum at 1 MHz 
Guaranteed Min./Max. 


° Fast Switching 
2.0 nsec 

° Low Resistance at Low 
Bias 
1.5 Q at Ip = 10 mA 

о Rugged Construction 
Typical 10 Gram Lead Pull 


e Silicon Nitride Passivation 


Description 

The HPND-4018, 4028, and. 
4038 beam lead PIN diodes are 
designed for low capacitance, 
low resistance, and fast switch- 
ing at microwave frequencies. 
These characteristics are 
achieved at low bias levels for 
minimal power consumption. 
Advanced processing techniques 
ensure uniform and consistent 


electrical performance, allowing ` 


guaranteed capacitance 
windows. This translates to 
improved performance in 
phased array applications. 


Rugged construction and strong 
beams ensure high assembly 
yields while nitride passivation 
and polyimide coating ensure 
reliability. Standard Hi-Rel 
programs are available for all 
three devices. 


Beam Lead PIN Diodes for | 
Phased Arrays and Switches | 





_ НРМО-4018 
= HPND-4028 
НРМО-4038_ 





690 (27) 


EE 


650 (26) 






330(13) 2. 


260( 10) 
110(4.5) 280 (11) 








220(9) 


= 180(7) 
180(7) 


160(6) 












4 









d | 790(3.5) : 





DIMENSIONS IN 4M(1/1000 INCH) | | | 


Outline 83 
Maximum Ratings И m " 
Operating Temperature.............................................. -65°С to +150°С 
Storage Temperature .......................... —— À -65°С to +200°С 
Power Dissipation at TcAsg = 25°C..........................................250 mW 
(Derate linearly to zero at 150°С.) 2% | 
Minimum Lead Strength .......................... 4 grams pull on either lead 
per MIL-S-19500, LTPD - 20 
Applications | EE 
These beam lead PIN diodes are requiring high isolation in the 
designed for use in stripline, . series configuration. These 
coplanar waveguide, or micro-. | devices have been fully charac- 
strip circuits. Applications — terized and S-parameters have 
include phase shifting and. — been provided. | 
switching. The guaranteed _ 
capacitance windows ensure Bonding and Handling 


uniform performance іп phased Procedures 


array radar. The low capacitance See page 4-24. 
makes them ideal for circuits 
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Electrical Specifications at Т, = 25°С 


В, (Q) 


125 10 pA 



















© © 
Š 5 
> É 
I Š | 8 
E 2 
й ° 
5 5 
H - 
Š Š 
| 2 | = 
1 2210 18 20 1 LE лег 
FREQUENCY (GHz) FREQUENCY (GHz) 
Figure 1. Typical Isolation and Insertion Loss. Figure 2. Typical Isolation and Insertion Loss. 
HPND-4018. | НРМО-4028. 
0.12 
О О О О а 
| ГЕ 
m 
= 0.09 
Q. 
E ш 0.07 
я Seek М носазо | 
° = 
| == 
2 JA NECI | f 
О о aug pacte 
_ 0.03 
2 0.02 === 
TT 0.01 
2 0.00 NEENERRMEMENT | 
30 
FREQUENCY (GHz) REVERSE VOLTAGE (VOLTS) 
Figure 3. Typical Isolation and Insertion Loss. Figure 4. Typical Capacitance vs. Reverse Voltage 
HPND-4038. (at 1 MHz). 
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"Typical Parameters (cont.) 


REVERSE RECOVERY TIME (nsec) | 





a 
5 Ж 
E » 
| : x 
| š > 
6 S së 
Б Ө E 
; к 
ë = 
z Š Е 
ce 
% 2 4 6 8 10 12 14 16 18 20 
FORWARD CURRENT (mA) FORWARD CURRENT (mA) 
Figure 5. Typical Reverse Recovery Time vs. Forward Figure 6. Typical Reverse Recovery Time vs. Forward 
Current (Series Configuration). HPND-4018. а” (Series Configuration). HPND-4028, HPND- 


LS 
CN НРМО-4018 


1000 










/ 






£ z NC | 
> О 
TI 1 9 
Е š NA нео, 4028 
cc : | = 
2 2 10 SS | 
Q 0 
c 0.1 ui E 
z (с 
LL, 
О 1.0 
0.01 
0.001 | 0.1 
0.0 0.2 0.4 0.6 0.8 1.0 0.01 0.10 1.0 10 100 
FORWARD VOLTAGE (VOLTS) | o FORWARD BIAS CURRENT (mA) 
Figure 7. Typical Forward Characteristics. Figure 8. Typical RF Resistance vs. Forward Bias 
| Current (at 100 MHz). 
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Typical S-Parameters (in series configuration) 


HPND-4018 
= 1 mA 


Mag. Ang. | dB Мар. Ang.| Mag. Апё.| dB Мас. Ang.| Mag. Ang.| dB Mag. Ang. 
-1 


-2 











HPND-4018 | 





8.1/8 S./Sis | 81/833 6.1/8, 81/8 6.1/8, 
Mag. Апё. | dB Mag. Ang. | Mag. Апе. dB Mag. Апр. Mag. Ang.| dB Мар. Ang. 
.995 84 93 -89.18 0.011 93 
| 76 85 -33.16 0.022 87 
71 83 -29.64 0.033 84 





-27.14 0.044 
-25.36 0.054 
-23.76 0.065 
-22.28 0.077 

‚| -21.22 0.087 
«20.28 0.097 
-19.50 0.106 
'-18.58 0.118 


| -17.80 0.129 
-17.34 0.136 
-16.60 0.148 
-16.26 0.154 
-15.82 0.162 
-15.76 0.163 
| -15.92 0.160 
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Typical S-Parameters (cont.) 
HPND-4028 


dB 





Freq. 
(MHz) 





Vg = 30 V 


. Ang.| Mag. Ang. dB Mag. Ang. 
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Typical S-Parameters (cont.) 
HPND-4038 





[p= 1 mA 
S /Ses S.,/Sis S 11/322 821/919 IS 
Mag. Ang. | dB Mag. Ang. | Mag. v dB Wee: are Meg” dB 
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Low Loss Beam Lead PIN 
Diodes 
Technical Data 
О: 


Features | 
е Low Series Resistance 
130 Typical | 
. Low Capacitance 
0.07 pF Typical 
e Fast Switching 
2 ns Typical . | 
° Rugged Construction 
4 Grams Minimum Lead Pull 


Description 
The HPND-4050 is a beam lead. 


PIN diode designed specifically | 


for low capacitance, low series 


resistance, and rugged construc-. 
tion. The new HP mesa process - 


allows the fabrication of beam. 
lead PINs with a very low RC 
product. A nitride passivation 
layer provides immunity from 
contaminants which would | 
otherwise lead to Ip drift. A 


polyimide layer provides scratch. | 


protection. 


Applications 

The HPND-4050 beam lead PIN 
diode is designed for use in 
stripline or microstrip circuits. 
Applications include switching, 
attenuating, phase shifting, and 
modulating at microwave fre- 
quencies. The low capacitance 
and low series resistance at low 








225(9) = 
175 (7) | 





225 (9) - 
200 (8) ` 


275 11 
) (8 


















CATHODE . ` E 
| GOLD LEADS 





60 (2.4) 


Е DIMENSIONS IN um (1/1000 inch) Ú es 401.6} | | | 
Outline o 3 | 
E Maximum Ratings . ROS 4 м Ж” 
Operating Temperature АНИ -65°C to +ЇЛБ°С 
Storage Temperature .................................................. -65?C to +200°С 
Power Dissipation at Tcasg = 25°C.......................................... 250 mW 
(Derate linearly to zero at 175°C.) 
Minimum Lead Strength .......................... 4 grams pull on either lead 
Diode Mounting Temperature .......................... 220°С for 10 sec. max. 
current makes this device ideal Bond:ag and Handling 


Procedures 
See page 4-24. 


for applications in the shunt 
configuration. 
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Electrical Specifications at T, = 25°С 


Minority 
Breakdown | Carrier 
Voltage | | | Lifetime 
Part Var (V) t (пә) 
Number p- 


HPND- 
| қ А 12 
Test = = в = 10 ү 
Conditions Measure = 1 MHz 
Ip < 10 uA 





Note: 
1. Test performed on packaged — 


Typical Parameters 





FORWARD CURRENT (mA) 
RF RESISTANCE ($2) 


ЖЕ 
/ 


` 


| 0.1 10 3 10 x 100 
FORWARD VOLTAGE (VOLTS) FORWARD BIAS CURRENT (mA) | 
Figure 1. Typical Forward Characteristics. Figure 2. Typical RF Resistance vs. Forward Bias 
Current. 
30 


















5 РТТ. 
я š „ГУ 
5 > РЕМ 
š = и 
Š HPND-4050 | i | NN a 
5% = 2 "IT 

ш 

QE | 
| ЗЕ 10 20 30 ` 
REVERSE VOLTAGE (V) ЕС FORWARD CURRENT (mA) 

Figure 3. Typical Capacitance vs. Reverse Voltage. Figure 4. Typical Reverse Recovery Time vs. Forward 


Current (Shunt Configuration). 
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Beam Lead PIN Diode 


Technical Data 


Features | 

e° High Breakdown Voltage 
200 V Minimum 

• Low Capacitance 
0.02 pF Typical 

° Rugged Construction 
2 grams Minimum Lead Pull 


e Nitride Passivated 


Description 


The 5082-3900 planar beam 
lead PIN diode offers a low 
capacitance to allow high isola- 
tion at RF and microwave fre- 
quencies. Nitride passivation 
and rugged construction insures 
reliable performance and 
assembly yields. 


Applications 

The 5082-3900 beam Lead PIN 
diode is designed for use in 
stripline or microstrip circuits | 
using welding or thermocom- 
pression bonding techniques. 
PIN applications include 
switching, attenuating, phase 
shifting, limiting and modulat- 
ing at microwave frequencies. 


Bonding and Handling 
Procedures | 


See page 4-24 


5082-3900 





810 (31.5) 

590 (23.3) 
265 (10.4) 280 (11.0) 265 (10.4) 
200 (7.9) | 190 (7.4) 200 (7.9) 


125 (5.0) 255 (10.0) 
795 (3.8) че (6.5) 





CATHODE 


po 
[——————àÀ 
T— 


14 (55) | 
10 (39) | 65 (2.5) 
40 (1.5) 
DIMENSIONS IN um (1/1000 inch) 
Outline 06 
Maximum Ratings m | 
Operating Temperature Range ................................. -60?C to +150 °С 
Storage Temperature Range ...................................... -60°С to +150°С 
Power Dissipation at Tcasg = 25°С ......................................... 250 mW 
(Derate linearly to zero at 150°C) 
Minimum Lead Strength .......................... 2 grams pull on either lead 
Diode Mounting Temperature .......................... 220°С for 10 sec. max. 
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Symbol Mis. Typ. | Max. | Units | Conditions — — 
“Series Resistance — | Re | -_ 
Capacitance [б | -_ m 


=s - 
[aom | pF |У-0У,-30% — _ 
[= | 








FORWARD CURRENT (mA) 
RF RESISTANCE (OHMS) 





FORWARD VOLTAGE (V) | FORWARD BIAS CURRENT (mA) 


Figure 1. Typical Forward Conduction Characteristics. Figure 2. Typical RF Resistance vs. DC Bias Current. | 
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Bonding and Handling 
Procedures for Beam 
Lead Diodes 


1. Storage 

Under normal circumstances, 
storage of beam lead diodes in 
HP supplied waffle/gel packs is 
sufficient. In particularly dusty 
or chemically hazardous 
environments, storage in an 
inert atmosphere desiccator is 
advised. 


2. Handling 

In order to avoid damage to 
beam lead devices, particular 
care must be exercised during 
inspection, testing, and assem- 
bly. Although the beam lead 
diode is designed to have excep- 
tional lead strength, its small 
size and delicate nature requires 
that special handling techniques 
be observed so that the devices 
will not be mechanically or 
electrically damaged. А vacuum 
pickup is recommended for 
picking up beam lead devices, 
particularly larger ones, e.g., 
quads. Care must be exercised 
to assure that the vacuum open- 
ing of the needle is sufficiently 
small to avoid passage of the 
device through the opening. A 
#27 tip is recommended for 
picking up single beam lead 
devices. À 20X magnification is 
needed for precise positioning of 
the tip on the device. Where a 
vacuum pickup is not used, a 
sharpened wooden Q-tip dipped 
in isopropyl alcohol is very 
commonly used to handle beam 
lead devices. 


3. Cleaning 

For organic contamination use a 
warm («75?C) rinse of trichloro- 
ethane followed by a cold rinse 
in acetone and methanol. Dry 


under infrared heat lamp for 5- 


10 minutes on clean filter paper. 


Freon degreaser may replace 


trichloroethane for light organic 


contamination. 


e Ultrasonic cleaning is not 


recommended. 


E Acid solvents should not be 


used. 


4. Bonding 
Thermocompression: See 
Application Note 979 "The 
Handling and Bonding of Beam 
Lead Devices Made Easy". This 
method is good for hard sub- © 
strates only. 


Wobble: This method picks up 


. the device, places it on the 


substrate and forms a thermo- 
compression bond all in one 
operation. This is described in 
MIL-STD-883, Method 2017, 
and is intended for hard 
substrates only. Equipment 


Specifically designed for beam 


lead wobble bonding is available 
from KULICKE and SOFFA in 


Horsham, РА. 


Resistance Welding or 
Parallel-GAP Welding: To 
make welding on soft substrates 
easier, a low pressure welding 
head is recommended. Suitable 
equipment is available from 
HUGHES, Industrial Products 
Division in Carlsbad, CA. 


Epoxy: With solvent free, low 
resistivity epoxies (available 
from ABLESTIK in Gardena, 
CA, MICON in Lexington, MA, 
and many others) and improve- 
ments in dispensing equipment, 
the quality of epoxy bonds is 
sufficient for many applications. 
Equipment is available from 
ADVANCED SEMICONDUC- 
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TOR MATERIALS AMERICA, 
INC., Assembly Products Group 
in Chandler, AZ (Automatic), 
and WEST BOND in Orange, 
CA (Manual). 


5. Lead Stress 

In the process of bonding a 
beam lead diode, a certain 
amount of "bugging" occurs. The 
term bugging refers to the chip 
lifting away from the substrate 
during the bonding process due 
to the deformation of the beam 
by the bonding tool. This effect 
is beneficial as it provides stress 
relief for the diode during 
thermal cycling of the substrate. 
The coefficient of expansion of 
some substrate materials, 
specifically soft substrates,is 
such that some bugging is 
essential if the circuit is to be 
operated over wide temperature 
extremes. 


Thick metal clad ground planes 
restrict the thermal expansion 
of the dielectric substrates in 
the X-Y axis. The expansion of 
the dielectric will then be 
mainly in the Z axis, which does 
not affect the beam lead device. 
An alternate solution to the 
problem of dielectric ground 
plane expansion is to heat the 
substrate to the maximum 
required operating temperature 
during the beam lead attach- 
ment. Thus, the substrate is at 
maximum expansion when the 
device is bonded. Subsequent 
cooling of the substrate will 
cause bugging, similar to 
bugging in thermocompression 
bonding or epoxy bonding. 
Other methods of bugging are 
preforming the leads during 
assembly or prestressing the 
substrate. 


Surface Mount PIN Diodes 
Technical Data 


Features 


е Diodes Optimized for: 
Low Current Switching 
Low Distortion Attenuating 
Ultra-Low Distortion 

Switching 
Microwave Frequency 
Operation 


e Surface Mount SOT-23 
Package 
Single and Dual Versions 
Tape and Reel Options 
Available 
е Low Failure in Time (FIT) 
Rate* | 


Package Lead Code 
Identification 


TOP VIEW 


4 0 SINGLE # 1 SINGLE 









*For more information see the Surface 
Mount PIN Reliability Data Sheet. 
# A DUAL ANODE # B DUAL CATHODE 


Absolute Maximum Ratings** T, = 25°С 


Forward Current (1 из Pulse) 1 Amp 























Total Device Dissipation 250 mWlil 
Peak Inverse Voltage Same as Von 
Junction Temperature 150°C 
Storage Temperature -65 to 150°C 


**Operation in excess of any one of these conditions may result in permanent 
damage to this device. 


Note: 


1. CW Power Dissipation at T, gap = 25°C. Derate to zero at maximum rated 
temperature. 
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HSMP-38XX and 
HSMP-48XX Series 


Description/ 
Applications 

The HSMP-3800 and HSMP- 
3810 series are specifically 
designed for low distortion 
attenuator applications. The 
HSMP-3820 and HSMP-3890 
series are optimized for switch- 
ing applications where low 
resistance at low current, and 
low capacitance are required. 
The HSMP-3880 switching 
diode is an ultra low distortion 
device optimized for higher 
power applications from 50 MHz 
to 1.5 GHz. The HSMP-48XX 
series are special products 
featuring ultra low parasitic 
inductance in the SOT-23 
package, specifically designed 
for use at frequencies which are 
much higher than the upper 
limit for conventional SOT-23 
PIN diodes. The HSMP-4810 
diode is a low distortion 
attenuating PIN designed for 
operation to 3 GHz. The HSMP- 
4820 diode is ideal for limiting 


and low inductance switching 


applications up to 1.5 GHz. The 
HSMP-4890 is optimized for low 
current switching applications 
up to 3 GHz. | 


Ordering Information 
See page 14-14. 





PIN Attenuator Diodes | 
Electrical Specifications T, = 25°C (Each Diode) 


Nearest Minimum 
Equivalent Break- Maximum 
Axial Lead down Series 
Lead | Configu- Part No. Voltage | Resistance 








Part | Package 


Code | ration 5082- Тан (V) Rg (Q) 





Single | 
Single 
Series 
Common 
Cathode 


Single 
Single 
Series | 
Common 
Anode 
Common 
Cathode 





















Ip = 100 mA 
f= 100 MHz 





Nearest 
Equivalent Shunt Mode 
Harmonic 
Distortion 
Hmd (dBc) 


Part No. 
5082- 





Single 

Single 

Series 

Common Anode 
Common Cathode 





Single 
Single 
Series 


Common Anode 
Common Cathode 
Unconnected Pair 






Test Conditions. 21,2, 50 W 


f, = 400 MHz 


Pi = +30 dBm 
0 V bias 





Note: | 
1. Package marking code is white. Package marking code is suffix "Г" for low profile. 
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PIN General Purpose Diodes 


Lead 
Code | Configuration 
0 


Single 

Single 

Series 

Common Anode 
Common Cathode 








Nearest 





Equivalent Minimum Maximum 
Axial Lead Breakdown Total 
Part No. Voltage Capacitance 






5082- 





Var (V) Ст (pF) 





3077 










Ф GD = 


Test Conditions Ip = 100 mA 


f = 100 MHz 






Note: 
1. Package marking code is white. Package marking code is suffix "Г" for low profile. 


High Frequency (Low Inductance, 500 MHz - 3 GHz) PIN Diodes 


Minimum 
Break- 
down 
Voltage 








Ip = 100 mA Ув = 50 У Ув = 50 V 
Ip=10mA* | f=1MHz | f= 1 MHz 





Note: | 
1. Package marking code is white. Package marking code is suffix "L" for low profile. 


Typical Parameters at Т, = 25°C 


Part Number Series Resistance Carrier Lifetime Reverse Recovery Time 
HSMP- Rg (Q) T (ns) T,, (ns) 













380X 500 
381X/4810 300 
382X/4820 7 

383X 80 

388X 550 
389Х/4890 






Test Conditions 
Ір zz 20 mA 
90% Recovery 


4-27 


Typical Parameters at T, = 25?C (unless otherwise noted), Single Diode 


HSMP-3880 


RF RESISTANCE (OHMS) 
RF RESISTANCE (OHMS) 





| 0.01 0.1 1 10 100 
Ip - FORWARD BIAS CURRENT (mA) = | Ip- FORWARD BIAS CURRENT (mA) | 
Figure 1. RF Resistance at 25°С vs. Forward Bias Figure 2. RF Resistance vs. Forward Bias Current for 
Current. HSMP-3800. 


RF RESISTANCE (OHMS) ` 
8 
‚С; - CAPACITANCE (pF) 



















0.1 
0.01 0.1 1 10 100 
Ip - FORWARD BIAS CURRENT (mA) Vg- REVERSE VOLTAGE (V) 
Figure 3. RF Resistance vs. Forward Bias Current for Figure 4. Capacitance vs. Reverse Voltage. 
HSMP-3810 and HSMP-4810. 
120 | 120 
Diode Mounted As A Series Diode Mounted As A Series 
110 | Attenuator In A 50 Ohm | Switch In А 50 Ohm Microstrip 
| € Microstrip And Tested At 123 MHz | Е 115 | And Tested At 123 MHz 2 
S 100 А 8 АР. 
pmm Ria 
= 2 
o 90 | С) HSMP-3880 
4-1 Ж Еж я, 
& 80 J Б. 
Turm, r / 
ш 70 uJ 
z | = Ea ИЯ 
40 | | 85 
1000 100 10 1 10 30 
DIODE RF RESISTANCE (OHMS) |+ - FORWARD BIAS CURRENT (mA) 


Figure 5. 2nd Harmonic Input Intercept Point vs. Diode Figure 6. 2nd Harmonic Input Intercept Point vs. 
RF Resistance for Attenuator Diodes. Forward Bias Current for Switch Diodes. 
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Typical Parameters (continued) 


1000 


HSMP-3830 
HSMP-3831 


HSMP-382X 


Trr - REVERSE RECOVERY TIME (nS) 
Trr - REVERSE RECOVERY TIME (nS) 





10 20 | 30 
FORWARD CURRENT (mA) FORWARD CURRENT (mA) 


Figure 7. Reverse Recovery Time vs. Forward Current Figure 8. Reverse Recovery Time vs. Forward Current 
for Various Reverse Voltages. HSMP-3820 Series. for Various Reverse Voltages. HSMP-3830 Series 


REVERSE RECOVERY TIME (ns) 
T,, - REVERSE RECOVERY TIME (ns) 








FORWARD CURRENT (mA) FORWARD CURRENT (mA) 
Figure 9. Typical Reverse Recovery Time vs. Reverse Figure 10. Typical Reverse Recovery Time vs. Reverse 
Voltage. HSMP-3880 Series. Voltage. HSMP-3890 Series. 
HSMP-3800 HSMP-3810 

_ HSMP-3801 _ HSMP-3811 
< < HSMP-4810 
Е Е 
- = 
2 2 
ш ыш 
(с (с 
с (с 
2 2 
о о 
а о 
Сс Сс 
< < 
= > 
СС С 
О © 
М u. 

| | 

Ve — FORWARD VOLTAGE (V) Ve — FORWARD VOLTAGE (V) 

Figure 11. Forward Current vs. Forward Voltage. HSMP- Figure 12. Forward Current vs. Forward Voltage. 
3880 Series. HSMP-3810 and HSMP-4810 Series. 
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Typical Parameters (continued) 








HSMP-3830 
HSMP-382X HSMP-3831 
< HSMP-482X 2 
Е Е 
= = 
< 2 
ш ш 
С Сс 
x or 
2 2 
o о 
о a 
< T 
> > 
© (С 
© © 
u. u. 
| | 
Vr —FORWARD VOLTAGE (V) — Vr — FORWARD VOLTAGE (V) 

Figure 13. Forward Current vs. Forward Voltage. Figure 14. Forward Current vs. Forward Voltage. | 
HSMP-3820 and HSMP-4820 Series. | | Н$МР-3830 Series. 

f ү 100 
< | = 
E Ш 
- (С 
с | о 1.0 
= < 
е т 
< @ 
z rd 
x | 
о u 
= - 0.1 

0.01 
FORWARD VOLTAGE (V) EE | Ур - FORWARD VOLTAGE (V) | 

Figure 15. Typical Forward Current ув. Forward Figure 16. Typical Forward Current vs. Forward 


Voltage. HSMP-3880 Series. Voltage. HSMP-3890 and HSMP-4890 Series. 
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Typical Applications for Multiple Diode Products 


RF COMMON 
e 


RF 10-] о RF 2 


BIAS 1 C O BIAS 2 


1 d 


Simple SPDT Switch, Using Only Positive Bias Current. 


RF COMMON 


O BIAS 


I 





RF 1 O+ о AF 2 


SPDT Switch Using Both Positive and Negative Bias 
Current. 


RF COMMON 


RF 1—{ 








BIAS 


1 


High Isolation SPDT Switch. 


RF COMMON 





RF 1 


Very High Isolation SPDT Switch. 
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I— RF 2 


BIAS 


RF 2 





Typical Applications for Multiple Diode Products (cont.) 


VARIABLE BIAS 
e 








IOUT O~ [о RF IN/OUT 

FIXED 

BIAS 

VOLTAGE 
Four Diode II Attenuator. 
BIAS _ _ 
o— E E ашы ee 

High Isolation SPST Switch (Repeat Cells as ` | Power Limiter Using HSMP-3822 Diode Pair. 
Required). О 
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Typical Applications for HSMP-48XX Low Inductance Series 


t ` 


0.3 pF* 


0.5 nH 





1 ^ fée 2 





с 7 ^HSMP:4810 |  HSMP-4820 & HSMP-4890 ` Equivalent Circuit . . 


^. Internal Connections 





_ Circuit Layout Equivalent Circuit 


Microstrip Series 
Connection for HSMP- 
48XX Series 


In order to take full advantage 
of the low inductance of the 
HSMP-48XX series when using 
them in a series application, 
both lead 1 and lead 2 should be 
connected together, as shown 
above. 
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^ *0.8рЕ TYPICAL FOR HSMP-3820 0 





* 0.8 pF TYPICAL FOR HSMP-3820 ·.. ` 





| | 

| | 

90 Ohm microstrip lines — | < | | 
N | Ж | » 0.3 pF* | 
| | 

| | 

| | 

| | 

| | 





/ әш CONNECTED ТО 
GROUND BY TWO = 


VIA HOLES. * 0.8 pF TYPICAL FOR HSMP-4820 

Circuit Layout Equivalent Circuit 
Microstrip Shunt 38XX series diode are placed increasing the maximum 
Connection for HSMP- across the resulting gap. This available attenuation. The 0.3 
48XX Series forces the 0.5 nH lead nH of shunt inductance external 
In the diagram above, the inductance of leads 1 and 2 to to the diode is created by the via 
center conductor of the appear as part of a low pass holes, and is a good estimate for 
microstrip line is interrupted filter, reducing the shunt 0.032" thick material. 


and leads 1 and 2 of the HSMP- parasitic inductance and 





CoPlanar Waveguide 


Pu Groundplane 


Center Conductor 
Groundplane 





* 0.8 pF TYPICAL FOR HSMP-4820 


Circuit Layout | Equivalent Circuit 
Co-Planar Waveguide in the diagram above. Since it 
Shunt Connection for eliminates the need for via holes 
HSMP-48XX Series to ground, it offers lower shunt 
Co-Planar waveguide, with parasitic inductance and higher 
ground on the top side of the maximum attenuation when 
printed circuit board, is shown compared to a microstrip circuit. 
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Package Dimensions 





TOP VIEW 
N> 
| 
| | — PACKAGE MARKING CODE | 
š x uM (SEE ELECTRICAL SPECIFICATIONS TABLE) STANDARD PROFILE ` 







Pons [мах [мн 





END VIEW © 






zzr^romoOo» 





LOW PROFILE OPTION: 
WITH C MIN/MAX OF 0.85/1.02 MILLIMETERS, 0.033/0.041 INCHES; 
WITH К MIN/MAX OF 0.013/0.10 MILLIMETERS, 0.0005/0.004 INCHES 


Outline 23 (SOT-23) 

Package Characteristics 

Lead Мапа uoi u io eoo ee Earn a рын оноон Alloy 42 
Lead Finis о АР DEEP С Tin-Lead 
Maximum Soldering Temperature ....................... 260?C for 5 seconds 
Min. Lead Strength ...................................................-а 2 pounds pull 
Typical Package Inductance ......................................................... 2 nH 
Typical Package Capacitance ........................ 0. 15 pF (opposite leads) 
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Ordering Information 


Standard Profile 

Option T36 = Bulk 

Option T31 z Tape and Reel, 
See Figure 17 

Option T32 - Tape and Reel, 
See Figure 18 


Low Profile 

Option L30 = Bulk 

Option L31 = Tape and Reel, 
See Figure 17 

Option L32 - Tape and Reel, 
See Figure 18 


Conforms to Electronic 
Industries RS-481, "Taping of 
Surface Mounted Components 
for Automated Placement." 
Standard Quantity is 3,000 
Devices/Reel. 


Jc Не 







REEL 


COVER TAPE 


ГЛ] PACKARD 


Specify Part Number followed by Option Number 
Example: 
Н SMP-X8XX Option X ХХ 


— Bulk or Tape and Reel Option 

- Profile: Standard = T, or Low = L 
— Part Number 

- Surface Mount PIN ` 
HP 





TOP VIEW END VIEW 






Figure 17. Options T31, L31. 





CARRIER 
P 


Figure 18. Options T32, L32. 
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PIN Diodes for RF Switching 
and Attenuating | 


Technical Data 


Features 
e Low Harmonic Distortion 
e Large Dynamic Range 
e Low Series Resistance 
е Low Capacitance 


Description/ 
Applications 


These general purpose switch- 
ing diodes are intended for low 
power switching applications 
such as RF duplexers, antenna 
switching matrices, digital 
phase shifters, and time multi- 
plex filters. The 5082-3168/3188 
are optimized for VHF/UHF 
bandswitching. 


The RF resistance of a PIN 
diode is a function of the current 
flowing in the diode. These 
current controlled resistors are 
specified for use in control appli- 
cations such as variable RF 
attenuators, automatic gain 
control circuits, RF modulators, 
electrically tuned filters, analog 
phase shifters, and RF limiters. 


HEWLETT 
PACKARD 


Dy 





1N5719, JANIN57I9TX ө 
1N5767  . 
5082-3001/02 

5082-3039 
5082-3042/43 - 
5082-3077 

5082-3080/81 
5082-3168/88 . 
5082-3379 


B HPND-4165/66 - " 


Outline 15 diodes are available 


on tape and reel. The tape and 
reel specification is patterned 
after RS-296-D. 


Note: The JAN Series 1N5719 
devices are well suited for 
applications that require the high 
reliability of a JAN/TX device. The 
TX devices have solder dipped 
leads. The JAN1N5719 and 


_ JAN1N5719TX undergo testing per 


MIL-STD-750. More information 


_ about these devices can be obtained 


through your local Hewlett-Packard 
field sales engineer. | 


Maximum Ratings 
Junction Operating and 


Storage Temperature Range .......... 
Power Dissipation 25°C .................. 


(Derate linearly to zero at 150°C) 


Peak Inverse Voltage (PIV) ............ 
Maximum Soldering Temperature. 
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DIMENSIONS IN MILLIMETERS AND (INCHES). 


Outline 15 


"——— M аы: same as Ува 
"— M 260°C for 5 sec 


Mechanical diode products except the 5082- (1.6 mm) from the glass body. | 


Specifications | 3042 and -3043, which have gold ^ Typical package inductance and 
The НР Outline 15 package has plated leads. The leads оп the capacitance are 2.5 nH and 

a glass hermetic seal with _ Outline 15 package should be 0.13 pF, respectively. Marking 
dumet leads. The lead finish 18 restricted so that the bend 16 Бу digital coding with a 

95-5 tin-lead (SnPb) for all PIN starts at least 1/16 inch cathode band. 

General Purpose Diodes 

Electrical Specifications at T, = 25°С 




























Part Total Breakdown | Residual Series | Effective Carrier | Reverse Recovery 
Number Capacitance Resistance Lifetime ime 
5082- Ст (pF) Rs (Q) t (ns) +... (ns) 





General Purpose Switching and Attenuating 


3002 0.25 300 . 100 (min.) 100 (typ.) 


1.25 100(min) | 100 (typ.) 


' 
3001 | — 025 | 200 | 10 [|  100(min) 100(typ) - 
1N5719 | 994 | 150 100 (min.) _ 100 (typ) 
[08 15 in. 


| 15 | (mn) |  10typ 0, 
Fast Switching | 
3042 0.4* 70 222104 35 (typ.)* 5 (max:) 
__ 3043 | 04 —— 


Band Switching | 
3188 | 1.0* 70 (typ.)* 12 (typ.) 


[ s | 29 













Test Ip 2100 mA Ip = 50 mA Ip = 20 mA 
Conditions “Ір = 20 mA Ув = 10 V 
**], = 10 тА 90% Recovery 





f= 100 MHz 





Note: 
Typical CW power switching capability for a shunt switch in a 50 Q system is 2.5 W. 
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RF Current Controlled Resistor Diodes 
Electrical Specifications at T, = 25°C 




































Max. 
High Low — Difference 
Resistance Resistance in 
Limit, Ry (О) | Limit, В, ©) | Resistance 
vs. Bias 
Slope, Ax 









.) 
5082-3081 2500 (typ.) 


| Test 
Conditions 






Matched at 
I; = 0.01 mA 
and 1.0 mA 
f= 100 MHz 






F 
f z 100 MHz 












*The 1N5767 has the additional specifications: t = 1.0 psec minimum 
Ip = 1 pA maximum at Vp = 50 V 
Vr = 1 V maximum at Ip = 100 mA. 


Typical Parameters at T, = 25°C (unless otherwise noted) 






100 | I 10,000 
5082-3001, 3002 
—— 3039, 3077, 3080, AND 

HPND-4165/-66 

1N5719 
< 10 3 
= I 
2. О 
ЫЈ = 
сс ш 
E 2 
© 1 | < 

= 
2 Ф 
š i 
z (с 
a LL. 
O сс 
ы. 
.01 
0 2 4 6 .8 1.0 1.2 
FORWARD VOLTAGE (V) FORWARD BIAS CURRENT (mA) 


Figure 1. Typical Forward Current vs. Forward Voltage. Figure 2. Typical RF Resistance vs. Forward Bias 
Current. 
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Typical Parameters at T, = 25°C (cont.) 


10,000 с 
SPEC LIMITS 
ON BIAS 
CURRENT 
LL ME HIGH RESISTANCE 
2 SPEC LIMITS 
L 
o 
= . LOW RESISTANCE 
H SPEC LIMITS 
E 
o 10 
ш 
ос 
ц. | 2 
x TYPICAL CCR 
1 - RESISTANCE 


CHARACTERISTIC 





.001 .01 .1 1 10 100 


FORWARD BIAS CURRENT (mA) 
Figure 3. Typical RF Resistance vs. Bias for HPND-4165. 


ғ 
N 
aN 


5082-3379 N 


lin 


1! | x 
.001 .01 .1 1 10 100 





FORWARD BIAS CURRENT (mA) 


Figure 5. Typical RF Resistance vs. Forward Bias 
Current. | 


ИТТ 
М 
М ead 
| i. mm 5082-3168 
ЕЕ. 
ее 


0 
0 10 20 30 40 50 60 70 





2.0 






— 
л 





CAPACITANCE (pF) 
o 






REVERSE VOLTAGE (V) 
Figure 7. Typical Capacitance vs. Reverse Volta ge. 


SPEC LIMITS 
ON BIAS 
CURRENT 


HIGH RESISTANCE 
SPEC LIMITS Ң | 


LOW RESISTANCE 
SPEC LIMITS — 


 TYPICALCCR . 
. RESISTANCE 
CHARACTERISTIC 


RF RESISTANCE (OHMS) 





.001 .01 .1 1 10 100 


FORWARD BIAS CURRENT (mA) 
Figure 4. Typical RF Resistance vs. Bias for HPND-4166. 


CAPACITANCE (pF) 


5082-3039, 
HPND-4165/66 
= | 1N5719 
GEHEN с ақан 
5082- 3001/02 


| 
- 3042/43 
NS / 





0 10 20 30 40 50 60 70 
REVERSE VOLTAGE (V) 


Figure 6. Typical Capacitance vs. Reverse Voltage. 


30 





25 


20 


15 


10 


REVERSE RECOVERY TIME (ns) 


FORWARD CURRENT (mA) 


Figure 8. Typical Reverse Recovery Time vs. Forward 
Current for Various Reverse Driving Voltages, 5082. 
3042, 3043. | 
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Typical Parameters at T, = 25°C (cont.) 









10dB BRIDGED TEE ATTENUATOR 
40dB mV OUTPUT LEVELS 
ONE INPUT FREQUENCY FIXED 100 MHz 


_ 5082- 3001 
3002 
3039 






















= 3077 . 20 
u IN5719 Е 
= S 
= тї 
Q 
oc с 40 
ш O 
2 100 - 
% с 5082-3080 
oc u. 60 5082-3379 
ш = 
: = T 
ac ad 
š : в 
Q 80 ba 
ac 5082-3081 
10 100 . | — 
0. 10 20 | 30 0 10 20 30 40 50 60 70 80 
FORWARD CURRENT (mA! FREQUENCY (MHz) 
Figure 9. Typical Reverse Recovery Time vs. Forward Figure 10. Typical Second Order Intermodulation 
Current for Various Reverse Driving Voltages. | Distortion. 40 
10 | 
PIN DIODE CROSS MODULAT ION 
10 dB BRIDGED TEE ATTENUATOR 
20H UNMODULATED FREQUENCY 100 MHz 
@ ; 
% 30 
сс x 100% MODULATION 15 kHz 
e 40 dB mV OUTPUT LEVELS 
cc 40 
О 
= 
Ф 
с 50 
ц. 
> 
S 
= 60 
co 


0 о 20 30 40 50 60 70 80 


MODULATED FREQUENCY (MHz) 


Figure 11. Typical Cross Modulation Distortion. 
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PIN Diode Limiter 


Technical Data 


Features 

° High Power Handling 
Capability 
50 W Peak Pulse Power 

° Low Intermodulation 
Products 
Typical 0.2 W Threshold 
Assures Wide Dynamic Linear 
Range 

° Broad Bandwidth 
500 MHz to 10 GHz 

° Low Insertion Loss 
Less than 1 dB in X-band 


е Easy to Use 
Package Compatible with 
Stripline and Microstrip 


° Negligible Spike Leakage 


Description/ 
Applications 

The HP 5082-3071 passive 
limiter chip is functionally 
Integrated into a 50 Q transmis- 
sion line to provide a broadband, 
linear, low insertion loss trans- 
fer characteristic for small 
signal levels. At higher signal 
levels self-rectification reduces 
the diode resistance to provide 
limiting as shown in Figure 2. 
Limiter performance is practi- 
cally independent of tempera- 
ture over the rated temperature 
range. 


5082-3071 


ы. 


2.16 (0.085) 
1.91 (0.075) € 






10.67 (0.420) 
10.16 (0.400) 





x EON 
A к 















1.57 (0.062) 
(0.088) 1.47 (0.058) 
0.89 (0.035) 
0.64 (0.025) 
2.16 (0.085) | 
1.65 (0.065) 2.16 (0.085) 
1.65 (0.065) > 
є У 1.27 (0.050) 
NN 1.02 (0.040) 
0.38 MIN. (.015) 
(4 PLACES) 
1.52 (0.060) 
TYPICAL 
CHIP 
1.66 (0.067) 
TION hee AWS A 
LOCA | 1.19 (0.047) 
2.57 (0.101) CLEARANCE HOLE 
2.31 (0.091) (2 PLACES) 


DIMENSIONS IN MILLIMETERS AND (INCHES) 


Outline 61 


Maximum Ratings 
Junction Operating and Storage 


Temperature Капге................................................. -65°С to +125°С 
Power Пізсірайотй,22..олл аланы 1.0 W 
Peak Incident Pulse Розгет!2!1........................................................ 50 W 
Peak Inverse Voltage 0. 55, 50 V 
Soldering Тетпрега{фите.................................................. 230?C for 5 sec 
Notes: 


1. Device properly mounted in sufficient heat sink at ТА = 25°C, derate linearly to 
zero at maximum operating temperature. 
2. tp = 1 ps, f = 10 GHz, Du = 0.001, Zo = 50 Q, T, = 25°C. 
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The 5082-3071 limiter module is impedance forthe shunt trans- | balanced stripline circuits in 


designed for applications in mission line affords broadband order to provide good electrical 
telecommunication equipment, operation. Another easy to continuity from the upper to the 
ECM receivers, distance realize dc return consists of a lower ground plane through the 
measuring equipment, radar small diameter wire connected package base metal. Higher 
receivers, telemetry equipment, at a right angle to the electric order modes will be excited if 
and transponders operating field in a microstrip or stripline this cover is left off or if poor 
anywhere in the frequency circuit. A 10 mA forward electrical contact is made to the 
range from 500 MHz through 10 current will actuate the PIN ground plane. 

GHz. An external de return is diode as a shunt switch 

required for self bias operation. providing approximately 20 dB The package transmission 

This dc return is often present of isolation. channel is filled with epoxy 

in the existing circuit, i.e. induc- resin which combines a low 
tively coupled antennas, or it Mechanical expansion coefficient with high 
сап be provided by а A/4 reso- Specifications chemical stability. Outline 61 


nant shunt transmission line. The cover channel supplied with has a gold plated copper body 
Selection of a high characteristic each diode should be used in with gold plated Kovar leads. 





Electrical Specifications at Т, = 25°C 
































Maximum 


















Maximum Typical. 
Part Number | Package | Heat Insertion Maximum | RF Leakage || Recovery 
5082- Outline Sink Loss (dB) Power (W) || Time (ns) 











Test Conditions P.,=0dBm | Pj, 20dBm 
f29.4GHz | f=9.4 GHz 


x f = 9.4 GHz 






















METAL 
COMPRESSION 
| WASHER 
COVER LID Жж 
(SUPPLIED PLASTIC 
А WITH DEVICE) 
= 
Е 
(c 
ш 
z 
| o 
а. 
= 
CATHODE | HEAT SINK 5 | 
5 STRIPLINE- Азы 
° CENTER 


CONDUCTOR METAL 





1 10 100 1000 10,000 100,000 
INPUT POWER (mW) 


Figure 1. Heat Sink Polarity. Figure 2. Typical Pulse Limiting Figure 3. Suggested Stripline | 
Characteristics. Assembly. 
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HEWLETT 
G PACKARD 
Stripline PIN Diode Switches/ 
Attenuators | Zu ü 
5082-3040 ` 
5082-3041 . 5 
5082-3340 | (2 
Features 


* Low Cost to Use 
Designed for Easy Mounting 

е Broadband Operation 
HF Through X-Band 

е Low Insertion Loss °` 
Less than 0.5 dB to 10 GHz : 
(5082-3040, -3340) 

е High Isolation 

_ Greater than 20 dB to 10 GHz 


° Fast Switching/Modulation | 


5 ns Typical (5082-3041) ` 
е Low Drive Current 

Required 

Less than 20 mA for 20 dB 

Isolation (5082-3041) 


Description/ 
Applications 

These diodes are designed for 
applications in microwave and 
НЕ-ОНЕ systems using strip- 
line or microstrip transmission 
line techniques. | 


Typical circuit functions per- 
formed consist of switching, 
duplexing, multiplexing, level- 
ing, modulating, limiting, or 
gain control functions as | 
required in TR switches, pulse 
modulators, phase shifters, and 


amplitude modulators operating ` 


in the frequency range from HF 
through Ku-Band. 





0.89.(0.035) - 
0.64:(0.025) 


2.16 (0.085) 
1.65 (0.065) 





2.16 (0.085) 
1.65 (0.065) 















“. 1.27 (0.050) 
м 1.02 (0.040) 





0.38 MIN. (.015) 
(4 PLACES) 
1.52 (0.060) 
TYPICAL 
CHIP 
LOCATION 
2.57 (0.101) CLEARANCE HOLE 


(0.1 
2.31 (0.091) (2 PLACES) 


1.66 (0.057) 
1.19 (0.047) 





DIMENSIONS IN MILLIMETERS AND (INCHES) 


. Outline 61 


Maximum Ratings 


| -65?C to 
+125°С 


Peak Inverse Voltage ` 150 V 
Soldering Temperature 230?C for 5 sec 
ine ` = 


1. Device properly mounted in sufficient heat sink at 25°C, derate linearly to zero at 
maximum opcrating temperature. жы X 





















- 


2. t; = 1 us, f = 10 GHz, Du = 0.001, Zo = 50 Q, Т = 25°C. 
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These diodes provide nearly 
ideal transmission characteris- 
tics from HF through Ku-Band. 


The 5082-3340 is a reverse 
polarity device with characteris- 
tics similar to the 5082-3040. 
The 5082-3041 is recommended 
for applications requiring fast 
switching or high frequency 
modulation of microwave sig- 
nals, or where the lowest bias 
current for the maximum 
attenuation is required. 


More information is available in 
HP AN 922 (Applications of PIN 
Diodes) and 929 (Fast Switching 
PIN Diodes). 


Mechanical 
Specifications 

The cover channel supplied with 
each diode should be used in 
balanced stripline circuits in 


_ order to provide good electrical 


continuity from the upper to the 
lower ground plane through the 


Electrical Specifications at T, = 25°C 


Part | 
Number | Package| Heat 
5082- Sink 


змо | @ | Anode 
Cathode 
БЕС 


Testi! 
Conditions 


Note: 


Min. 
Isolation 


(dB) 


Ij = 100 mA 
(Except 3041; 


Insertion 





Ip = 0 I; = 0 


1. Test Frequencies: 8 GHz 5082-3041; 10 GHz 5082-3040, and -3340. 


Typical Parameters 


3040, 3340 


FORWARD CURRENT (mA) 


FORWARD VOLTAGE (V) 





FORWARD CURRENT (mA) 


Reverse 


15=20 тА || [+ = 50 mA 

P.,=1mW P., = 1 mW Ув = 10 V 

Recovery 
to 90% 


package base metal. Higher 
order modes will be excited if 
this cover is left off or if poor 
electrical contact is made to the 
ground plane. 


The package transmission 
channel is filled with epoxy 
resin which combines a low 
expansion coefficient with high 
chemical stability. Outline 61 
has a gold plated copper body 
with gold plated Kovar leads. 


Typical 
CW Power 
Switching 
Capability 


Typical 
Carrier 
Lifetime 








FORWARD VOLTAGE (V) 
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Figure 1. Typical Forward Characteristics. 





INSERTION LOSS (dB) 


1.8 


ПИ 



















1.2 1.6 и 
ion НИ: 
2 
0.8 = 1.4 / 2 
Ш / 
od 
0.4 Е 1.2 Vau A 
SELL LT п 
0 1.0 ! ! 
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 
FREQUENCY (GHz) |. FREQUENCY (GHz) | __ FREQUENCY (GHz) 
Figure 2. Typical Insertion Loss vs. Figure 3. Typical SWR vs. Figure 4. Typical Isolation vs. 
Frequency. Frequency. Frequency. 
HEAT SINK 
= | 
5 5082-3040 
e 
О 
= 
< 
ә 
€ 
LU 
= 
- 
« 


CATHODE | HEAT SINK 





5082-3041, 3340 





BIAS CURRENT (mA) HEAT SINK POLARITY 


Figure 5. Typical Attenuation above Zero Bias 
Insertion Loss vs. Bias Current at f = 8 GHz. 


Equivalent Circuits 


Forward Bias (Isolation State) Zero Bias (Insertion Loss State) 
Zo = 50 Q Lp Rp Rp Lp Zo = 50 2 20-500 Lp Rp Rp Lp Zo = 502 
Є; = 1 x €r=1 €rz1 R2 Єг = 1 
Rs 
<-0,->- <-02-> l —> R1 L2 «à 
L1 
Ст 
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Typical Equivalent Circuit Parameters-Forward Bias 


Part Number Lp 
50820 (рН) 


зоо, зю | 20 | 025 | 
зит | zo | 03 



















1. 
1. 


0 


Typical Equivalent Circuit Parameters-Zero Bias 


Part Number Lp Rp R, Le В. Ст 1 2 
5082- (pH) |. (Q) (КО) (pH) K(Q) (pF) (mm) | (mm) 
| 50 | 0.10 


—» | o | = | 9 —_ EIN 
Саш | 2 | om | = | o [1s | ou | 24 | 50 





Typical Switching time for each case includes the pulse generator (positive pulse), 
Parameters delay time (pulse initiation to the RF switching time from the 
RF Switching Speed 20 dB isolation) and transition insertion loss state to the 

HP 5082-3041 | time (20 dB isolation to 0.9 dB isolation state was less than 2 
The RF switching speed of the isolation). Slightly faster nanoseconds. А more detailed | 
HP 5082-3041 may be consid- switching times may be realized treatise on switching speed is 
ered in terms of the change in by spiking the leading edge of published in AN929 "Fast 

RF isolation at 2 GHz. This the pulse or using a lower Switching PIN Diodes". 
switching speed is dependent impedance pulse driver. 

upon the forward bias current, Reverse Recovery Time 
reverse bias drive pulse, and 28 : Shown below is reverse recovery 







time, (t,,) vs. forward current, 
(Ig) for various reverse pulse 
voltages Vg. The circuit used to 
measure t,, is shown in 


characteristics of the pulse 
source. The RF switching speed 
for the shunt-mounted stripline 20 





W се] 
LLL l 





diode in a 50 Q system is consid- s = E 
f ME. >; 16 те |і. 
е оде бот е омеа Бае © „|| п 
state to the reverse bias state 9 i Wl эу зы Sur 


(isolation to insertion loss), 8 Í 
second, driving the diode from 

the reverse bias state to the Wet] DA NL] NS 
forward bias state (insertion ) М N 

loss to isolation). | “02468100246 8100 2 4 6 8 10 = = 


ЕТШІ 
" 


Me LL LLL 





TIME (ns) 
The total time it takes to switch Figure 6. Isolation vs. Time (Turn- 
the shunt diode from the isola- оп) for НР 5082-3041. Frequency, 

: : 2 GHz. | 
tion state (forward bias) to the | Figure 7. Basic t_ Test Setup. 
insertion loss state (reverse 
bias) is shown in Figure 6. The time it takes to switch the 
These curves are for three diode from zero or reverse bias 
forward bias conditions with the {о a given isolation is less than 
diode driven in each case with the time from isolation to the © 
three different reverse voltage insertion loss case. For all cases 


pulses (Vpg). The total switching of forward bias generated by the 
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REVERSE RECOVERY TIME (ns) 





FORWARD CURRENT (mA) 


Figure 8. Typical Reverse Recovery Time vs. Forward 
Current for Various Reverse Driving Voltages, 5082- 
3041. 


REVERSE RECOVERY TIME (ns) 





FORWARD CURRENT (mA) 


Figure 10. Typical Reverse Recovery Time vs. Forward 
Current for Various Reverse Driving Voltages, 5082. 
3040. 


REVERSE RECOVERY TIME (ns) 





FORWARD CURRENT (mA) 


Figure 9. Typical Reverse Recovery Time vs. Forward 
Current for Various Reverse Driving Voltages, 5082- 
3340. E | 


- METAL 





COMPRESSION 
— WASHER 












<< 
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| Figure 11. Suggested Stripline Assembly. 
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HEWLETT 
PACKARD 





Dy 





PIN Diodes for RF Power 
Switching/Attenuating 


Technical Data 


Features 


° High Isolation 
Greater than 25 dB 


e Low Insertion Loss 


e High Control Signal 
Dynamic Range 
10,000: 1 RF Resistance 
Change 

° Low Harmonic Distortion 

е Both Anode and Cathode 
Heat Sink Models 
Available 


Description/ 
Applications 

HP 5082-3101/02, 5082-3201/02, 
5082-3303/04 PIN diodes are 
silicon devices manufactured 
using modern processing 
techniques to provide optimum 
characteristics for RF switching, 
signal conditioning and control. 
These devices are of planar 
passivated design. Both anode 
and cathode heat sink models 
are available. 


PIN diodes provide a variable 
RF resistance with DC bias 
current. The main advantages 
of a PIN diode over PN switch- 
ing diodes are the low forward 
resistance and the low device 
capacitance. 


5082-3101 
5082-3102 
5082-3201 
5082-3202 
5082-3808 
5082-3304 


и (.052) 
1.24 (.049) > | 
HEAT SINK 
1.12 са .044) 
0.86 (. кз 
E (.086) EI 0.30 (.0 | 
1.98 (.078) 0.25 VID 


Outline 38 


N 


0.64 (.025) 





HEAT SINK 


Outline 31 


Maximum Ratings 
Junction Operating and Storage 


Temperature Range................................................. -65°C to +150°C 


DC Power Dissipation at 25°C 
(Derate linearly to zero at 150°C) 


НР 5082-3101, 3102 .c.cccccccccsssecssscsesececsesesececsesesecscsesceecsescseeeees 1.0 W 
HP 5082-3201, 3202, 3303, 3304 ............................................. 3.0 W 
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These HP PIN diodes are 
intended for use in RF switch- 
ing, multiplexing, modulating, 
phase shifting, and attenuating 
applications from approximately 
10 MHz to frequencies well into 
the microwave region. Due to 
their low parasitic capacitance 
and inductance, both HP 
Package Outline 31 and 38 are 
well suited for broadband 
circuits up to 1 GHz and for 
resonated circuits up to 8 GHz. 


These devices are especially 
useful where the lowest residual 


series resistance and junction 
capacitance are required for 
high on-to-off switching ratios. 


Mechanical 
Specifications 

The HP Package Outline 31 has 
a metal ceramic hermetic seal. 
The heat sink stud is gold- 
plated copper. The opposite stud 
is gold-plated kovar. Typical 
package inductance is 1.0 nH 


and typical package capacitance 
is 0.2 pF. 


RF Power Switching/Attenuating 
Electrical Specifications at T, = 25°C 





*Divide by four for a shunt switch. 







Minimum 
Part Breakdown 
Number | Package| Heat Voltage 
5082- Outline| Sink 





= Var, Vn = 50 V, 


Maximum 







Maximum | Residual 
Total Series 
Capacitance | Resistance 


Ip = = 100 mA 


f= 1 MHz f= 100 MHz 
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I; = 50 mA 
Ір = 250 mA 


The HP Package Outline 38 also 
has a metal ceramic hermetic 


seal. The heat sink contact is | 


gold plated copper. The opposite 
contact is gold-plated kovar. 
Typical package inductance is | 
0.4 nH and typical package 
capacitance is 0.2 pF. 


The maximum soldering tem- 
perature for diodes in either 
package is 230°C for 5 seconds. 










Typical Parameters 











© e 
Lu м 
Q о 
2 2. 
: 5 
7 Т 
o o 
ы ы 
< cc 
u. u, 
< ac 
FORWARD BIAS CURRENT (mA) FORWARD BIAS CURRENT (mA) 
Figure 1. Typical RF Resistance vs. Forward Bias Figure 2. Typical RF Resistance vs. Forward Bias 
Current. Current. m 
< = 
E 8 
> 
2 x 
ш > 
cc ый 
5 Е 
O © 
° 5 
< О 
= а. 
Q Š 
FORWARD VOLTAGE (V) REVERSE VOLTAGE (V) 
Figure 3. Typical Forward Characteristics. Figure 4. Typical Chip Capacitance vs. Reverse Voltage. 
Lp Rs СІ 
e | ® Ср = Package Capacitance 
Lp = Package Inductance 
A Rs = Residual Series Resistance 
R Ry = I-Layer Resistance 
| C, | Сү = I-Layer Capacitance 


TYPICAL VALUES FOR Cp AND Lp ARE GIVEN UNDER "MECHANICAL 
SPECIFICATIONS’. WITH REVERSE BIAS, В, = 10k Q. TOTAL | 
CAPACITANCE IS Ст AND IS GIVEN IN "ELECTRICAL SPECIFICATIONS". 
WITH FORWARD BIAS C, IS NO LONGER PRESENT. R, DECREASES 
WITH INCREASING FORWARD BIAS TO APPROXIMATELY ZERO AT 

100 mA. 


Figure 5. Device Equivalent Circuit. 


4-51 | 


[д] РАСкАРЬ 











Attenuators 


Technical Data 


Features 

е Broadband Operation 
HF through X-Band 

е Low Insertion Loss 
Less than 0.5 dB to 10 GHz 
(5082-3140, -3170) 

° High Isolation 
Greater than 20 dB to 10 GHz 
(5082-3140, -3170) 


e Fast Switching/Modulation 
5 ns Typical (5082-3141) 

• Low Drive Current 
Required 
Less than 20 mA for 20 dB 
Isolation (5082-3141) 


Description/ 
Applications 

The HP 5082-3140 and -3170 
are passivated planar devices 
and the 5082-3141 is a passi- 
vated mesa device. All are in a 
shunt configuration in hermetic 
stripline packages which are 
suitable for Hi-Rel applications. 
These diodes are optimized for 
good continuity of characteristic 
impedance which allows a con- 
tinuous transition when used in 
50 Q microstrip or stripline 
circuits. 


These diodes are designed for 
applications in microwave and 
HF-UHF systems using strip- 
line or microstrip transmission 
line techniques. 


Hermetic PIN Diodes for 
Stripline/Microstrip Switches/ 


5082-3140 
5082-3141 
5082-3170 





2.03 TYP. 
2.16 (0.085) CHIP LOCATION 
( (0.080) 


2.54 pj A, (0.100) 





2.34 (0.092) 
(2 PLACES) 
2 
3.05 МІМ. 
(0.120) 






0.13 ТҮР. 
(0.005) 


10.67 (0.420) 5.46 (0.215) > | 
10.16 (0.400) .95 (0.195) 4.19 (0.165) 
3.94 (0.155) 
1.52 TYP. 
(0.060) 


DIMENSIONS IN MILLIMETERS AND (INCHES) 


л 


Outline 60 


Maximum Ratings 


Part No. 5082- 














-3140, -3170 


-3141 


Junction Operating and Storage -65?C to -65?C to 
Temperature Range +150°С +150°С 


225 W 












Notes: 

1. Device properly mounted in sufficient heat sink at 25°C, derate linearly to zero at 
maximum operating tempcrature. 22 | | | 

2. tp = 1 ps, f= 10 GHz, Du = 0.001, Zo = 500, ТА = 25°С. 
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Typical circuit functions per- 
formed consist of switching, 
duplexing, multiplexing, level- 
ing, modulating, limiting, or - 
gain control functions as 
required in TR switches, pulse ` 
modulators, phase shifters, and 
amplitude modulators operating 
in the frequency range from HF 
through Ku-Band. These diodes 
provide nearly ideal trans- 
mission characteristics from HF 
through Ku-Band. 


The 5082-3170 is a reverse 
polarity device with characteris- 
tics similar to the 5082-3140. 


The 5082-3141 is recommended 
for applications requiring fast 
switching or high frequency 
modulation of microwave sig- 


 nals, or where the lowest bias- 


current for maximum 
attenuation is required. 


More information is available in 
HP Application Note 922 


Electrical Specifications at Тл = 25°C 





Тези! 
Conditions 


Note 


Typical Parameters 


_ FORWARD CURRENT (mA) 


FORWARD VOLTAGE (V) 


Min. 


Isolation 


Ір == 100 mA 
(Except 3141; 


1. Test Frequencies: 8 GHz 5082-3141; 10 GHz 5082-3140, and -3170. 





FORWARD CURRENT (mA) 


Max. 
Reverse 


(Applications of PIN Diodes) 
and 922 (Fast Switching PIN 
Diodes). 


Mechanical 


Specifications 


Package Outline 60 is hermetic- 
ally sealed and capable of meet- 
ing the stringent requirements 
of space level high reliability 
testing. Both the package and 
lead materials are gold plated 
Kovar. 


Typical 
CW Power 
Switching 
Capability 


Typical 
Carrier 
Lifetime 


Ip = 50 mA 
Ip = 250 mA 
| *Ip = 10 m À 





FORWARD VOLTAGE (V) 


Figure 1. Typical Forward Characteristics. 
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INSERTION LOSS (dB) 





FREQUENCY (GHz) 


Figure 2. Typical Insertion Loss vs. Frequency. 


ISOLATION (dB) 





FREQUENCY (GHz) 


Figure 4. Typical Isolation vs. Frequency. 


Equivalent Circuits 


Forward Bias (Isolation State) - 
Zo = 50 2 Lp Rp Rp Lp 
Rs 


=, 


L1 






8 10 


FREQUENCY (GHz) 


Figure 3. Typical SWR vs. Frequency. 


ATTENUATION (dB) 





1 
.001 .01 1 1 10 100 
BIAS CURRENT (mA) 


Figure 5. Typical Attenuation Above Zero Bias Insertion 
Loss vs. Bias Current at f = 8 GHz. 


Zero Bias (Insertion Loss State) 


Zo = 50 2 Lp Rp Rp Lp Zo = 50% 
€r = 1 | R2 €r = 1 
0,-> R1 L2 -«—( ;—» 
Ст 
LÀ е e e 
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Ms Number 
5082- bb s: | 


зімо, зло | 10 | 00 
— аним a 


1 2 









Typical — Circuit Parameters-Zero Bias 


Part Number R, La 1 2 
5082- ` pm (КО) T кб) oh (mm) | (mm) 


—mesu | m foo | Сю [e [om аа 
Озы | m | 0 = | o 





Typical Switching time for each case includes the pulse generator (positive pulse), 
Parameters delay time (pulse initiation to the RF switching time from the 
RF Switching Speed 20 dB isolation) and transition insertion loss state to the 

HP 5082-3141 time (20 dB isolation to 0.9 dB isolation state was less than 2 
The RF switching speed of the isolation). Slightly faster nanoseconds. А more detailed 
HP 5082-3141 may be consid- switching times may be treatise on switching speed is 
ered in terms of the change in realized by spiking the leading published in AN929: "Fast 

RF isolation at 2 GHz. This edge of the pulse or using a Switching PIN Diodes". 
switching speed is dependent lower impedance pulse driver. 

upon the forward bias current, Reverse Recovery Time 


_ Shown below is reverse recovery 
time, (t,,) vs. forward current, 
(Iz) for various reverse pulse 
voltages Vp. The circuit used to 
measure t,, is shown in 


reverse bias drive pulse, and 
characteristics of the pulse 
source. The RF switching speed 
for the shunt-mounted stripline 
diode in a 50 © system is consid- 












Nena LLL 
ПШ 


e. š Fi T. 
the diode fom һе forward bias E Ш Nu 
state to the reverse bias state 3 ЕЗ WENN 500 1.0uF 1 
(isolation to insertion loss), s 


second driving the diode from 


||| 
МИЛ 
the reverse bias state to the | i ld | | 
forward bias state (insertion Wht | А № 


0 
loss to isolation). 02468100246 8100 2 4 6 8 10 
TIME (ns) 





The total time it takes to switch |, give d Isolation vi. Time Turn: 


the shunt diode from the isola- on) for HP 5082-3141. Frequency, 2 Figure 7. Basic t_ Test Setup. 
tion state (forward bias) to the GHz. 


insertion loss state (reverse 


bias) is shown in Figure 6. The time it takes to switch the 
These curves are for three diode from zero or reverse bias 
forward bias conditions with the to a given isolation is less than 
diode driven in each case with the time from isolation to the 
three different reverse voltage insertion loss case. For all cases 


pulses (Урв). The total switching of forward bias generated by the 
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1000 





z z 
= = 
> > 
т Ш 
Š ° 100 
c T 
22 27 
СС . © 
uJ ш 
> > 
с с 
10 
FORWARD CURRENT (mA) | FORWARD CURRENT (mA) 
Figure 8. Typical Reverse Recovery Time vs. Forward Figure 9. Typical Reverse Recovery Time vs. Forward 
Current for Various Reverse Driving Voltages, 5082. Current for Various Reverse Driving Voltages, 5082. 
3141. 3140. 


REVERSE RECOVERY TIME (ns) 





FORWARD CURRENT (mA) 


Figure 10. Typical Reverse Recovery Time vs. Forward 
Current for Various Reverse Driving Voltages, 5082- 
3170. | 
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HEWLETT 


U 





PACKARD 
PIN Diodes for Fast 
Switching and Attenuating | 
Technical Data 
| 5082-3305 
5082-8306 


Features 


e Nanosecond — 
Time . 
Typically Less than 5ns 


° Low Residual Series | 
Resistance 
Less than 1 Q 


° Low Drive Current . 
Required 
Less than 20 mA for 1 Q Rs 
• High Power Limiting 
Capability 
50 W Peak Pulse Power 
е Cathode Heat Sink 


Description/ о 
Applications 

The HP 5082-3305 and 5082- 
3306 are passivated silicon PIN 
diodes of mesa construction. | 
Precisely controlled processing 
provides an exceptional com- 
bination of fast RF switching 
and low residual series ` 
resistance. 


These HP PIN diodes provide 
unique benefits in the high 
isolation to insertion loss ratio 
afforded by the low residual. -. 
resistance at low bias currents 
and the ultra-fast recovery. 
realized through lower stored 
charge. Where low drive power 
is desired these diodes provide 
excellent performance at very 
low bias currents. 


ùj aud 
ЫБ 
NS 
28 
e 
GIN 
E | 
m 
» 
- 
o 
2 
ж 


2.18 (.086) 0.30 (.012) 
1.98 (.078): 0.25 (010) 
_ Outline 38 (5082-3305) 





DIMENSIONS IN MILLIMETERS AND (INCHES). 


Outline 31 (5082-3306) 


Maximum Ratings 


Junction Operating and Storage: DET 
Temperature Ranges................................................. ..-65°С to +150°С 


DC Power Dissipation at Tease = 25°C 
(Derate linearly to zero at 150°C) 


HE 9092:3309 UN еее ене онооно, 0.7W 
HP DOS sil c е ное асет нане ни 1.25 W 
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The HP 5082-3305 and 5082- 
3306 ceramic package PIN 
diodes are intended for control- 
ling and processing microwave 
signals up to Ku band. Typical 
applications include single and 
multi-throw switches, pulse 
modulators, amplitude modula- 
tors, phase shifters, duplexers, 
diplexers, and TR switches. 


Mechanical 
Specifications 


The HP Package Outline 31 has 
a metal ceramic hermetic seal. 
The heat sink stud is gold- 
plated copper. The opposite stud 
is gold-plated kovar. Typical 
package inductance is 1.0 nH 
and typical package capacitance 
is 0.2 pF. 


Fast Switching/Attenuating 
Electrical Specifications at T, = 25°C 


Package 


Outline 





Test Conditions | = 


Typical Parameters 


> 


JUNCTION CAPACITANCE (pF) 


0.2 
0.1 

0 
0 


REVERSE VOLTAGE (V) 


Figure 1. Typical Junction Capacitance vs. Reverse 


Voltage. 


10 20 30 






Minimum 
Breakdown 





Total 





REVERSE RECOVERY TIME (ns) 


Voltages. 
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Maximum 





Capacitance 





f= 1 MHz 
Vg = 20 V 


The HP Package Outline 38 also 
has a metal ceramic hermetic 


. seal. The heat sink contact is 


gold plated copper. The opposite 
contact is gold-plated kovar. 
Typical package inductance is 
0.4 nH and typical package 
capacitance is 0.2 pF. 


The maximum soldering tem- 
perature for diodes in either 
package is 230?C for 5 seconds. 


Maximum 
Reverse 
Recovery Time 
|. t,, (ns) 


Maximum | 
Series 
Resistance 






















f= 100 MHz Ip = 20 mA 
I; = 20 mA Vg = 10V 
90% Recovery 





FORWARD CURRENT (mA) 


Figure 2. Typical Reverse Recovery Time vs. | 
Forward Current for Various Reverse Driving . 


Typical Parameters (cont.) 


RF RESISTANCE (OHMS) 





.001  .01 Л 1 10 100 


FORWARD BIAS CURRENT (mA) 


Figure 3. Typical RF Resistance vs. Forward Bias 
Current. 
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FORWARD CURRENT (mA) 





FORWARD VOLTAGE (V) 


Figure 4. Typical Forward Current vs. Forward 
Voltage. 








Up 





Beam Lead PIN Diodes 
Reliability Data 
Description Applications 


For applications requiring com- 
ponent reliability estimation, 
Hewlett-Packard provides 


reliability data for all families of - 


devices. Data is initially 
compiled from reliability tests 
run prior to market introduction 
to demonstrate that a product 
meets design criteria. Addi- 
tional tests are run periodically. 
The data on this sheet 
represents the latest review of 
accumulated test results. 


This information represents the 
capabilities of the generic 
device. Failure rates and MTTF 
values presented here are 
achievable with normal MIL-S- 
19500 TX level screening. 
Reliability can only be guaran- 
teed by testing specified lots of 
devices, under specified _ 
conditions, with specified LTPD 
levels. 


HPND-4005 


HPND-4018 ` 


HPND-4028 
HPND-4038 
HPND-4050 





И ТУТ RI ERE TIRE | 
| ЖЕЕ MIHI LL LT 


250 LUE 


JUNCTION TEMPERATURE T; ,C 


n | || 





MEAN TIME TO FAILURE MTTF (HRS.) 


І 


mel 














Mean Time to Failure vs. Junction Temperature 
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(ЛӘ) ADU3N3 NOILVAILOV 


Burn-In and Storage 


High Temperature Life | 1,000 hrs. min. storage time @ 200°С | ОШ | 
Steady State Operating Life | 1,000 hrs. min. operating time @ Ip = 30 mA, ТА = 150°С | 3 | 














 MIL-STD-750 | 
Test Reference Test Conditions LTPD 
Temperature Cycling 1051 -65/+200°С, 100 cycles, 10 min. dwell, 7 
5 min. transfer — | | | 
Thermal Shock 1056 | 0/100°С, 100 cycles, 10 min. dwell, — 7 
| 10 sec. transfer 


Moisture Resistance 1021 | 98% RH, -10°С/+65°С, 10 days 
Constant Acceleration | | 2000 20 KGs, 1 min. each axis 


Mechanical Shock 2016 5 blows each axis at X, Y, Z, 1500 Gs, 
| 0.5 msec pulse | 


Environmental | 





Vibration Variable 20 Gs min., 100 to 2000 Hz, 4 minute cycles 
Frequency each axis X, Y, Z 
Salt Atmosphere 1041 Salt Fog at 35°C for 24 hrs 


С) Packar 






Surface Mount PIN Diodes 


Reliability Data mE m 
mE  HPND-000X Series 





5082-0012 ` 
HSMP-3800 Series 
HSMP-3810 Series 
HSMP-3820 Series | 
HSMP-3830 Series 

The following cumulative test STD-750. Data was gathered which fails to meet the electrical 

results have been obtained from from the product qualification, . and/or mechanical specification 

testing performed at Hewlett- reliability monitor, and listed in this catalog. 

Packard Communications Com- engineering evaluation. For the | 

ponents Division in accordance purpose of this reliability data 

with the latest revision of MIL- sheet, a failure is any part 

1. Life Test 


A. Demonstrated Performance | | Е 
Units | Total Total | Failure Rate 
| Test | Test Conditions Tested | Device Hrs. | Failed | 19/1K Hrs. 
High Temp. Rev. | Vg = 80% Урр, Ta = 150°C 342 347,920 
Bias (HTRB) 
Operating Life Тл = 25°C, Рем = 250 mW 342 264,325 
(O.L.) Vn = 80% Увв, 60 Hz 
High Temp. Т, = 150°C f Eu 511,390 


Storage (HTS) 
90% Confidence Level!?! 


MTTF | 
(Hours) FIT!3) 





B. Failure Rate Prediction 
The failure rate will depend on 
the junction temperature of the 
device. The estimated life at 
different temperatures is calcu- 
lated, using the Arrhenius plot 
with activation energy of 1.2 eV, 
and listed in the following table. 


Junction 
Temp. 


Ty** (°C) 

















*MTTF data collected in Hermetic Package. 
**T was calculated using a 034 of 500°C/W. 


Notes: is a 90% probability of the device commonly used in describing useful 
1. The point MTTF is simply the total doing better than the stated value. life failures. 
device hours divided by the number of The confidence level is based on the 3. FIT is defined as Failure in Time, or 
failures. statistics of failure distribution. The specifically, failures per billion hours. 
2. The MTTF and failure rate represent assumed distribution is exponential. . The relationship between MTTF and 
the performance level for which there This particular distribution is FIT is as follows: FIT = 109(MTTF). 
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400 


C. Example of Failure Rate Calculation 


At 50°С with a device operating 8 hours а day, 5 days a week, the percent utilization i is: 


MEAN TIME TO FAILURE MTTF (HRS) 
% Utilization = (8 hrs/day x 5 days/wk) + 168 hrs/wk = 25% 


e 
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0 
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Then the point failure rate per year is: 
(5 x 10-13/hr) x (25%) x (8760 hrs/yr) = 1.1 x 107% per year 


Likewise, the 90% confidence level failure rate per year is: 
(1.1 x 10 !2/hr) x (25%) x (8760 hrs/yr) = 2.4 x 107% per year 


4-63 


Qon 
о o 


1.0 


0.5 


(ЛӘ) ДОЫЗМЗ NOILVAILOV 





2. Environmental and Mechanical Tests 3 


MIL-STD-750 Units Total 

Test _ Reference | Test Conditions Tested | Failed 
Solderability E | | 906 235°С, 5 seconds 

Solder Heat | 260°C, 10 seconds 


Resistance to Solvent | 1022 4 Solvent Groups 


Autoclave HP GSS 12-109 | 121°C, 15 PSIG, 96 hrs. 
Moisture Resistance | HP GSS 12-107, 85°C/85% RH, biased, 1000 hrs. КА 


| Method B 


Thermal Shock 1056 -65/150°С, 5 min dwell, 
200 cycles | 


1051 -65/150°С, 10 min dwell, 
| 200 cycles 


Lead Integrity | | 2.0 pounds minimum 


Temperature Cycle E 


3. Flammability Test (MIL-STD-202, Method 111): 
Meets Needle Flame Test per UL Category D 
(Flaming Time «3 sec.) under material classification 94V0. 


4. DOD-HDBK-1686A ESD Classification: 


HPND-0003, HSMP-3820 Class I 
HPND-0001, HSMP-3800 Class I 
HPND-0002, HSMP-3810 Class I 
5082-0012, HSMP-3830 Class I 
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PIN Diodes 
Reliability Data т жәна 
| | 5082-3001 

5082-3002 
5082-3039 
5082-3077 
HPND-4165 
HPND-4166 

Description Applications 

For applications requiring This information represents the 

component reliability estima- capabilities of the generic 


tion, Hewlett-Packard provides device. Failure rates and MTTF 
reliability data for allfamilies of values presented here are 


devices. Data is initially com- achievable with normal MIL-S- 
piled from reliability tests run 19500 TX level screening. 

prior to market introduction to Reliability can only be guaran- 
demonstrate that a product teed by testing specified lots of 


meets design criteria. Additional devices, under specified condi- 
tests are run periodically. The tions, with specified LTPD 
data on this sheet represents levels. 

the latest review of accumulated 

test results. 


NL LLL ШШ ЩЩ ЕН СЫ 
„| | H- 


108 


JUNCTION TEMPERATURE ,°C 


MTTF (HOURS) 


Mean Time to Failure vs. Junction Temperature 
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Test Test Conditions | 


| High Temperature Life | 1,000 hrs. min. storage time Q9 150°С | | 


Steady State Operating Life ` 1,000 hrs. min. operating time Q Pj, = 250 mW, 
E Vrm = 150 V, f = 60 Hz, T, = 25°C 


Burn-In and Storage 


T 
e 
Ё 





MIL-STD-750 
Test Reference Tests Conditions 


ТЕ 
5 
l 
(b 
5 
Б 
акай 

- 

i 


Solderability | Sn 95, Pb 5, solder at 260°C 


Temperature Cycling | 1051 100 cycles from -65?C to +150°С, 0.5 hrs. at | 
extremes, 5 min. transfer | 


Thermal Shock 1056 | 100cycles from 0°C to +100°C, 3 sec. transfer 
Moisture Resistance 


1021 — 10 days, 90-98% КН, -10 to +65°С, non operating 
Shock 
Vibration Variable | 


2016 5 blows each Ху, Y,, Yo, 1500 С. 0.5 msec pulse | 
Frequency 


10 
7 








.4, 4 minute cycles each X, У, Z at 20 Gmin. 
100 to 2000 Hz a mE | 
1 minute each X,, Ү,, У», at 20,0006 . 


Miniature glass package, -3, 90? arcs, 2 leads, 
8 oz., lead restriction 


Hermeticity 1014 Fine and gross mE 







Constant Acceleration 
Terminal Strength 






= 
e 
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PACKARD 
PIN Diodes 
Reliability Data 
1N5767 
5082-3080 
5082-3168 
5082-3188 
Description Applications 
For applications requiring This information represents the 
component reliability estima- capabilities of the generic: 


tion, Hewlett-Packard provides device. Failure rates and MTTF 
reliability data for all families of values presented here are 


devices. Data is initially com- achievable with normal MIL-S- 
piled from reliability tests run 19500 TX level screening. 

prior to market introduction to Reliability can only be guaran- 
demonstrate that a product teed by testing specified lots of 


meets design criteria. Additional devices, under specified condi- 
tests are run periodically. The tions, with specified LTPD 
data on this sheet represents levels. | 

the latest review of accumulated I 

test results. 


i e N 
. НН: ІІ TEE 


MTTF (HOURS) 
Mean Time to Failure vs. Junction Temperature 
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JUNCTION TEMPERATURE , °C 


9 


Burn-In and Storage 2 ` 


| ^ LTPD 
Test Test Conditions 1000 Hours | 


High Temperature Life 1,000 hrs. min. storage time @ 150°C ww 


Steady State Operating Life 1,000 hrs. min. operating time @ Рем = 250 mW, 










Vrm = 20 V, f = 60 Hz, Т, = 25°C 


Solderability 02020600 Әп 95, Pb 5, solder at 2609С 


Temperature Cycling 1051 100 cycles from -65?C to +150°С, 0.5 hrs. at 
extremes, 5 min. transfer. 









`32 + 8 hrs., each X, У, Z, 96 hr. to 

60 Hz, 20 Gmin. EN 
4, 4 minute cycles each X, Y, Z at 20 Ġ тіп. 
100 to 2000 Hz | 


1 minute each X,, Y, Yo, at 20,000G = 
Miniature glass package, -3, 90° arcs, 2 leads, | 
8 oz., lead restriction | j| 


Salt Atmosphere 1041 39? fog for 24 hours | "T | 


tal, 















Vibration Variable 
Frequency 
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Characteristics of Step 
Recovery Diodes 
The Step Recovery diode is most 
graphically described as a 
charge-controlled switch. That 
is, a forward bias stores charge, 
a reverse bias depletes this 
stored charge, and when fully 
depleted the SRD ceases to 
conduct current. The action of 
turning off, or ceasing current 
conduction, takes place so fast 
that the diode can be used to | 
produce an impulse. If this is 
done cyclically, a train of 
impulses is produced. A periodic 
series of impulses in the time 
domain converts to a series of 
frequencies (all multiples of the 
_ basic exciting frequency) in the 
. frequency domain. If these 
impulses are used to excite a 
resonant circuit, much of the 
total power in the spectrum can 
be concentrated into a single 
frequency. Thus input power at 
one frequency can be converted 
_ to output power at a higher 
frequency. 


T wo specifications that limit the 
total power output in any given 
multiplier mode are maximum 
junction temperature and 
thermal resistance. Within this 
limit, the output for a given 
input is determined by the 
efficiency of conversion. 
Efficiency depends heavily on | 
the design of the multiplier, so 
Hewlett-Packard does not 
specify it. 


The above specifications are 
related as follows: 


1. Maximum Power Dissipation, 
Py (power — by the 
diode) 


200*C - T, 
Эх 


Pp = 


Minority carrier lifetime sets | 
the lower input frequency limit ` 


_ where T, = ambient 


temperature, °C, and 
@jc = thermal resistance, °C/W 


_ 2. Efficiency, 


п = Ро/(Ро + Pp) - 100% 


where Ро = output power 
Pp = power ни 


. The reverse voltage breakdown 


limit, Урр, limits the pulse 


height and can limit the input 


power before the thermal limit 


. is reached. 


The low frequency limit of the 
exciting signal is set by minority 
carrier lifetime, t, and the ability 


to form an effective impulse at 
the higher frequencies is deter- 


mined by the transition time, t,. 3 


Under forward current flow, Ip, 
charge is built up in the SRD. 
Once reverse biased, reverse | 
current will flow for a short 


period of time. This is called the . Recovery diode's production ofa 


.. multitude of frequency сотро- 
nents is called a Comb Genera- 


delay time, t4, as in the PIN 
diode. When all of the carriers 


have been removed, the current | 
drops abruptly to zero. The time 
required for the reverse current . 


to ро from 0.8 Ір to 0.2 IRis 
called transition time. Typical 


. transition times range from 400. 


psec. down to 60 psec. for е 
Recovery diodes. 


. The delay time ta is related to 
minority carrier life time t by ` 


I 
= In (14 — ) 
T Ig 





m Lifetime is measured by setting 


Ip = 1.7 Ip so that tp = z. 


because as the frequency gets | 


lower and lower, more and more 


of the charge is dissipated by 
recombination during a cycle 


which reduces the energy in the 
impulse. The input frequency 


_ should be larger than the 


inverse of t to minimize this loss 
of energy. 


The highest output frequency 
for reasonable efficiency as a 
multiplier is limited by the 


_ Width of the impulse spike 


which is determined by the 
transition time. Efficiency 
declines when the output fre- 
quency exceeds the inverse of 


the transition time. 


Applications of Step | 


Recovery Diodes | 


: As brought out in the previous 


section, the Step Recovery diode 
can be made to produce very _ 
sharp and narrow pulses. These 
contain harmonics of the | 
exciting frequency. 


A circuit which exploits the Step 


tor. Comb generators are used ` 


in measurement equipment 
. such as Spectrum Analyzers to 
.. produce locking signals. 


Another type of circuit picks out 
a single harmonic and optimizes 


. the power output around that 
. harmonic. This circuit is called 


a Multiplier. The end result of a 
multiplier is output power at 
some multiple (2f, 3f, etc.) of the 
input frequency. The efficiency 
of the conversion is high enough 


_to make this a very practical 


scheme for multiplying up from 


: a readily available low fre- 
. quency oscillator to get a higher 
_ _ frequency signal. Multipliers 


are used as local oscillators, low 


power transmitters, or trans- 


mitter drivers in radar, teleme- 
try, telecommunications and 
instrumentation. 


Silicon Step Recovery Diodes 


Part C; Typ. "Ч P Lifetime, t Typ. Transition Time %, Typ. 
Number ді (ns) (ps) Package Page 
chip 5-4 


5082-0032 
5082-0113 
5082-0114 
5082-0180" 
5082-0112 
5082-0132 
5082-0015 
5082-0830 
5082-0253 
5082-0151 
5082-0153 
5082-0833 
5082-0320" 
5082-0835 
5082-0840 
5082-0885 
5082-0018 
5082-0020 
5082-0335 
5082-0008 


*Standard Hi-Rel version available. 
For reliability data see page 5-13. 
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Step Recovery Diode Chips 


Technical Data 


Features 


* Optimized for Both Low 
and High Order Multiplier 
Designs from UHF through 
Ku Band 


е Passivated Chip for 
Maximum Stability and 
Reliability 

е Gold Top Contact for Long 
Shelf Life and Bondability 


Description 


These diodes are manufactured 
using modern epitaxial growth 
techniques. The diodes are pas- 
sivated with a thermal oxide for 
maximum stability. The result 
is a family of devices offering 
highly repeatable, efficient and 
reliable performance. Both the 
anode and cathode contact 
metallizations are gold allowing 
long shelf life and repeatable 
bondability. These diodes are 
designed to meet the general 
requirements of MIL-S-19500. 


Applications 

These Step Recovery Diodes are 
intended for medium and low 
power multipliers. Typical 
applications are in hybrid local 
oscillators, especially where low 
phase noise is required, in 
terrestrial communications, 


5082-0008 
5082-0015 
5082-0017 
5082-0018 
5082-0020 
5082-0032 








P 


CATHODE 


Outline 01B 









[0020 | 0008 | 0015 | 0017 | 0018 | 0021 | 0032 | 0090. 


0.13 | 0.06 | 0.15 0.39 | 0.05 | 0.22 0.32 | 0.15 
(5) (2.5) (6) (15.5) (2) (8.5, | (12.5) | (6) 





e 


А 
0.38 З 0.38 0.64 0.38 0.51 0.51 | 0.38 
(15) (15) (15) (25) (15) (20) (20) (15) 
0.11 0.11 0.11 0.11 0.11 0.11 0.11 | 0.11 
(4.5) | (4.5) (4.5) (4.5) (4.5) (4.5) (4.5) | (4.5) 


DIMENSIONS IN MILLIMETERS (1/1000 inch) 





satellite communications, 
TVRO, mobile communications 


frequencies extend down to 10 
MHz with output frequencies 


and test equipment. Input through 40 GHz. 

Maximum Ratings 

Junction Operating and Storage 

Temperature Range .................................................... -60°С {о +200°С 
Maximum Die Attach Temperature .................... +310°С for 1 minute 


Electrical Specifications at T, = 25°С 


Typical Transition Time | Nearest 
Minimum Typical Equivalent 


Part Breakdown Chip Typical | Transition Packaged 
Number Voltage Capacitance | Lifetime Time 
5082- 2 (V) C; (pF)?! t (ns)3! 


— 0020 — 


| 0032 — 


Notes: 

1. Minimum Breakdown Voltage test condition is Ip = 10 pA. 

2. Capacitance sample test condition is Ур = 10 V and f = 1 MHz. 
3. Lifetime sample test condition is Ip = 10 mA and Ip = 6 mA. 
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Technical Data 


Features 


* Optimized for Both Low 
and High Order Multiplier 
Designs from UHF through 
Ku Band 


• Passivated Chip for 
Maximum Stability and 
Reliability 

e Available іп a Variety of 
Packages 


Description/ 
Applications 


These diodes are manufactured 
using modern epitaxial growth 
techniques. The diodes are 
passivated with a thermal oxide 
for maximum stability. The 
result is a family of devices 
offering highly repeatable, effi- 
cient and reliable performance 
which are designed to meet the 
general requirements of MIL-S- 
19500. 


These diodes are intended for 
medium and low power mul- 
tipliers. Typical applications are 
in local oscillators, especially 
where low phase noise is 
required, in terrestrial 
communications, satellite 
communications, TVRO, mobile 
communications and test equip- 
ment. Input frequencies extend 
down to 10 MHz with output 
frequencies reaching 26 GHz. 


Glass Packaged Step 
Recovery Diodes: 


. 5082-0112/13/14 








6 (0. 085) 
25.4 (1.00) Ш] 
MIN. 
CATHODE 
7.62 (0.300) 
5.84 (0.230) 
25.4 (1.00) 


MIN. | 
А Й 0.56 (0.022) 
0.46 (0.018) 


Outline 11 





Mechanical 
Specifications 


The HP Outline 15 package has 
а glass hermetic seal with 
plated Dumet leads which 
should be restricted so that the 
bend starts at least 1/16 inch 
(1.6 mm) from the glass body. 
With this restriction, it will 
meet MIL-STD-750, Method 
2036, Conditions А and E (4 lb. 
[1.8 kg] tension for 30 minutes). 
The maximum soldering tem- 
perature is 230?C for five 
seconds. Marking is by digital 
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5082-0151 ` 
5082-0153 
5082-0180. 


5082-0833 


_ 5082-0840 





m uis 


* 
T. 


CATHODE 


Outline 15 


coding with a cathode band. 
Outline 15 package capacitance 
and inductance are typically 
0.18 pF and 1.8 nH respectively. 


The HP Outline 11 package has 
a glass hermetic seal with 
plated Dumet leads. The 
package will meet MIL-STD- 
790, Method 2036, Condition A 
(2 Ibs. tension for 15 sec.) and Е. 
The maximum soldering 
temperature is 230?C for five 
seconds. Outline 11 package 
capacitance and inductance are 
typically 0.15 pF and 4 nH, 
respectively. 


Maximum Ratings 
Junction Operating and Storage | 


Temperature Range....................................... M -65°С to 200°С 
-— | | | 200°С - TcASE 

DC Power Dissipation at Tcasg = 25°С ......................... ERG M 
| ) 

Soldering Temperature................................................ 230°С for 5 sec. 


Electrical Specifications at T, = 25°С 













Transition Timel!! 





Min. 
Breakdown 
Voltage 


Max. 
Part Junction 
Number | Capacitance 
5082- C; (pF) 


Min. 
Cutoff 
Frequency 





Notes: | 

1. The transition times shown for the package 15 devices are limited by the package inductance to a minimum of 100 ps. The 
lower transition times shown for the -0833, -0840, -0151, and -0153 are based on the performance of the chip. 

2. Typical 0;c for Outline 15 is 600°C/W and for Outline 11 is 300°C/W. 


POWER SUPPLY 
6216A 


PULSE 
GENERATOR 


SAMPLER 


PICOSECOND 779D 54121A 


PULSE LABS 
2600 





SAMPLING 
SCOPE 
54120A 


Figure 1. Test circuit for transition time. The pulse generator circuit is adjusted for a 0.5 A pulse when testing 5082- 
0151 and -0840. A pulse of 1.0 А is used for all other diodes. The bias current is adjusted for the specified stored | 
charge level. The transition time is read between the 20% and the 80% points on the oscilloscope. 
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HP 4815A 
CURRENT | 
SOURCE D.U.T. VECTOR IMP 


METER 





PD 2005 
PRECISION j^ Peng 
POWER SUPPLY УМ. 





Figure 2. Test set-up for measurement of series resistance. The D.U.T. is forward biased (I,) and the real part of the 
diode impedance is measured at 100 MHz. The D.V.M. is set up to read the real part on the Vector voltmeter. The 
precision power supply is used to offset the test circuit resistance. R, is measured at I, = 100 mA. 


OUTPUT WAVE SHAPE 


PULSE 
GENERATOR 


SAMPLING 
OSCILLOSCOPE 





Figure 3. The circuit for measurement of the effective minority carrier lifetime. The value of the reverse current 


(Тр) is approximately 6 mA and the forward current (Ip) is 10 mA. The lifetime (t) is measured across the 50% points 


of the observed wave shape. The input pulse is provided by a pulse generator having a rise time of less than one 


nanosecond. The output pulse is amplified and observed on a sampling oscilloscope. 


Ceramic Packaged Step 
Recovery Diodes 


Technical Data 


Features 
° UHF Through Ku Band 
Diodes 
For Low Order and High 

` Order Multipliers 


e RF Tested 
For Guaranteed Performance 
(5082-0300 Series) 

e Hermetic Package 
For Industrial/Military 
Environments 


Description/ 
Applications 


HP Step Recovery Diodes are 
constructed using modern 
epitaxial techniques. Oxide . 
passivation insures maximum 


stability and reliability. Devices 


are available in many package 
styles. 


These devices are TEETE for 
use as low and high order har- 
monic generators requiring the 
ultimate in performance and 
reliability. They excel as 
doublers as well as high order 
multipliers, because the fast 
transition time design allows 


full usage of the forward stored ` 


charge effect in improving 
nonlinearity and efficiency for 
frequency multiplication. These 
step recovery diodes have the 
basic design capability to meet 









CATHODE HEAT SINK 
= 11 ( ООЗ) 


Outline 41 


0.58 (.023) 
0.36 (.014) 


+ sechs [© | 








UNC-2A 
HEAT SINK 
CATHODE 


Ср = 0.3 pF 
Lp « 0.6 nH 


Outline 40 


the general reliability require- 
ments of MIL-S-19500, in 
addition to the special reliability 
requirements of man-rated 
space systems. 


Mechanical 
Specifications 


Hewlett-Packard's Step Recov- 


ery Diodes are available in a 
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(РЗ -аскано 





5082-0132 
5082-0253 
5082-0300 
5082-0320 
5082-0335 
5082-0800 
5082-0830 
5082-0835 
5082-0885 





3.12 (.123) |«_ 
3.00 (.118) |, 











.08 (. 0.64 (.025) 
5.69 (224,  — шасы 
.13 (.202) CATHODE 
HEAT SINK 
2.11 (.083) Cp = 0.2 pF 
1.98 (.078) Lp = 1 nH 
Outline 31 


1.27 = Cp = 0.15 pF 
1.02 (.040) Lp = 0.2 nH 
| | CATHODE 
Outline 56 


DIMENSIONS IN MILLIMETERS AND (INCHES) 


variety of packages. The metal 
ceramic packages are hermetic- 
ally sealed. The anode studs and 
flanges are gold-plated Kovar. 
The cathode studs are gold- 
plated copper. The maximum 
soldering temperature for 
metal-ceramic packages is 
230°C for five seconds. 





Maximum Ratings 
Junction Operating and Storage 


Temperature Range ...................................................... -65°C to 200°C 

| — | 200°C - TcASE 

DC Power Dissipation at Tcasg = 25°C ......................... ENIM "EE 
| | j 

Soldering Temperature................................................ 230°С for 5 sec. 


Electrical Specifications at T, = 25°С 


Min. Min. Transition Time 
Max. Charge 
Package t, Level 
Outline (psec) (po) 
75 


Оа (| 7 | i | i - 
[56 | 75 | № 








Junction 
Capacitance 





Asa 
doubler 





RF Tested Diodes at T, = 25°C 
Electrical Specifications | 


Junction 
Capaci- Breakdown 
tance at Voltage at Max. 


Resis- 
tance, 


6, (°C/W) 





Note: 
1. Guaranteed multiplier tested results. Input power is: 
5082-0300 15W 5082-0320 2W 
5082-0335 0.65 W 
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Figure 1. Typical Output Power vs. Figure 2. Typical Output Power vs. Figure 3. Predicted power output 
Input Power at T, = 25°C. The 5082- Input Power at T, = 25°C. The 5082- curves for 03XX step recovery 


0300 is measured in a X 10 multi- 0335 is measuredinaX8 multiplier diodes in X 3, X 4, and X 5 multiplier 

plier with P,, at 0.2 GHz and P, at with P,, at 0.2 GHz and P, at applications. These results were 

2.0 GHz. 16 GHz. The 5082-0320 is measured obtained using computer optimi- 
inaX 5 multiplier with P,, at zation programs. 


2.0 GHz and P, at 10 GHz. 


POWER SUPPLY] ` 
| PULSE | 
DOWER suPeLv| |20 CHARGING| | GENERATOR 3 db PAD "NG BIAS 28 db PAD 
LINE 2. TEE TEE 


Figure 4. Test circuit for transition time. The pulse generator circuit is adjusted for a 0.5 A pulse when testing 5082- 
0253, -0335, -0835, and -0885. A pulse of 1.0 A is used for all other diodes. The bias current is adjusted for the 
specified stored charge level. The transition time is read between the 20% and the 80% points on the oscilloscope. 


SAMPLER 
1430С 


ЗАМРЫМС 
SCOPE 
181A/1811A 
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OUTPUT WAVE SHAPE | 








CURRERE HP 4815A 
VECTOR IMP 
АЕ METER 
PULSE SAMPLING | 
GENERATOR OSCILLOSCOPE | 
т 4 
| D.U.T. | 
PRECISION 2 
POWER SUPPL Y | | 
K. ананы» GED «нә GED G J 
Figure 5. Test setup for measurement of series resis- Figure 6. The circuit for measurement of the effective 
tance. The D.U.T. is forward biased (I,) and the real part minority. carrier lifetime. The value of the reverse cur- 
of the diode impedance is measured at 100 MHz. The rent (I,) is approximately 6 mA and the forward current 
D.V.M. is set up to read the real part on the Vector (1,) is 10 mA. The lifetime (0) is measured across the 50% 


Voltmeter. The precision power supply is used to offset points of the observed wave shape. The input pulse is 

the test circuit resistance. R, is measured at I, = 100 mA, provided by a pulse generator having a rise time of less 
except -0800 where I, = 500 mA and -0885 where than one nanosecond. The output pulse is observed ona 
I, = 300 mA. sampling oscilloscope. 
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Reliability Data 


Description 
For applications requiring . 
component reliability estima- 


tion, Hewlétt-Packard provides _ 
reliability data for all families of - 


devices. Data is initially com- | 
piled from reliability tests run 
prior to market introduction to 
demonstrate that a product 
meets design criteria. Addi- 
tional tests are run periodically. 
The data on this sheet repre- 
sents the latest review of 
accumulated test results. 


Applications 
This information represents the 


capabilities of the generic 
device. Failure rates and MTTF 
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JUNCTION TEMPERATURE (°C) 
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Step Recovery Diodes 





by testing specified lots of. 
devices, under specified condi- 
tions, with — LTPD 
levels. 


values presented here are 
achievable with normal MIL-S- 
19500 TX level screening. Reli- 
ability can only be guaranteed 


Burn-In and Storage 
Preconditioning and screening tests are recommended for devices u 
terminating in high reliability equipments. The following results 
were obtained with preconditioning and screening. 














Test Test Conditions Hours 


High 1,000 hrs. min. storage time 
Temperature Life | at 150°C 


Steady State 1,000 hrs. min. operating time, 
Operating Life Рем = 175 mW 
Vem = 12 V, f = 60 Hz, T, = 25°C 















104 


MTTF (HRS.) 


Mean Time to Failure vs. Junction Temperature 
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MIL-STD-750 
Test Reference Test Conditions 
Temperature Cycling 1051 100 cycles from -65°C to +150°C, 0.5 hours at 
extremes, 5 min. transfer 


Thermal Shock 1056 100 cycles from 0?C to +100°С, 3 sec. transfer 


Moisture Resistance 1021 10 days, 90-98% RH, -10 to +65°C, 
non-operating 


2016 5 blows each X,, Y;, Ү,, 1500 G. 0.5 msec pulse 


Vibration Variable 4, 4 minute cycles each, X, У, Z, at 20 G тіп. 
Frequency 100 to 2000 Hz | RU 
Constant Acceleration | | 2000 1 minute each X,, Ү,, Yo, at 20,000 G | 
Terminal Strength 2036 | Pkg. 31 – 2 lbs. for 3 sec, 120° apart ` 


Salt Atmosphere 1041 35? fog for 24 hours Е | | 
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ВЕ and Microwave 
Silicon Bipolar 
Transistors = 


The silicon bipolar —É! 15 


а semiconductor device, with - 
amplification due to current | 
gain. The advantages silicon 

bipolar transistors have over 


other transistor types include . 


mature technology (both in the 
understanding of the device 


physics and the device design), ` 


low cost, and proven reliability. 
Therefore, silicon bipolar 
transistors offer designers a 


familiar, reliable, cost effective | 


solution to many of their design 
needs. 


Hewlett-Packard manufactures 
bipolar junction transistors 
using the Self Aligned Transis- 
tor (SAT) process. This state-of- 
the-art silicon process yields an 
fr of 10 GHz and an МАХ of 25 
GHz. Other process features 
include ion-implantation, the 
use of gold metalization, and 
nitride surface passivation. 
Transistors manufactured with 
this proprietary process have ` 
excellent performance, 

. repeatability, and reliability. 


The performance capabilities of 
an interdigitated microwave 
bipolar junction transistor are 


parameters. The pitch, or 
emitter-to-emitter center line 
spacing, controls the “high 

_ performance" aspects of the 


transistor. Finer pitches result 


in more gain and lower noise | 
figure at higher frequencies. 


Devices with coarser pitches аге 


typically easier to manufacture, 
but аге limited to lower 
frequency applications. The 
number of emitter fingers 
controls the current handling 
ability of the device and is a 
measure of output power 
capability. Devices with larger 


numbers of fingers are suitable - 


for power applications such as 
transmit stages; devices with 
small numbers of fingers 


operate at lower biases and are 
often the best choice for battery | 


operated applications. 


Product Families | 
Hewlett Packard uses a 
numbering scheme based on the 
pitch and number of emitter | 
fingers. Discrete bipolar 
transistors have part numbers 
starting with the alpha charac- 


ters "AT". In general, the first E 


numerical digit of the part 


number is the emitter to emitter 


pitch, to the nearest micron. | 
The second and third digits 


represent the number of emitter 


fingers. The final two digits 
represent package style, with 
the code “00” being reserved for 
chip form. Devices are manufac- 


- tured with pitches from 2 to 10 
_ microns (а 10 micron pitch 
. , device is designated by a first 
digit of ^0"). 
strongly related to two design `` 


10 micron pitch | 
Two geometries are manufac- | 


- tured with a 10 micron pitch: 
the AT-005 and the AT-016. 


Features of these devices 


include large bond pads for 

| auto-bonding, which, with the ` 
large pitch of these devices, 
make them excellent holes for 


the most cost sensitive, lower 
frequency applications that do 
not require the ultimate in — 


performance. The AT-005 is a - 


“typical” small signal device for 


general applications, while the 


AT-016 is a higher power device 
(150 mW) for driver 
applications. 


6 micron pitch 
The AT-601, AT-602, and AT- 
605 geometries are small 


devices ideal for many battery | 


powered applications. They 


. function well at voltages as low 
as 2 V, and can be biased at 
currents as low аз 0.4 mA. The 

. АТ-640 is a power device 


capable of producing 0.5 W 


| typical at 4 GHz. 


4 micron pitch 


The 4 miċron devices are the (0 
“backbone” of Hewlett-Packard's ` 
| bipolar transistor line. The AT- 


414 is a general purpose part 


_ with excellent noise, gain, and | 
power capabilities, and is the 


starting place for most designs. | 
The AT-420 supplies the same ` | 


^. high performance, but with 
improved output power 
capability. 


.. 2 micron pitch 


The AT-214 geometry is a 


specialty device designed for - 


high frequency oscillator appli- 
cations. Specially processed for 


reduced parasitics with an. 
enhanced fyay of 40 GHz, these 


devices are capable of producing 


. fundamental oscillations at 
frequencies as high as 20 GHz. 


Silicon Bipolar Transistors | 24. 
Low Noise Transistors (Typical Specifications at +25°С Case Temperature) 


Part Usable Freq.Í[a] ЕЕ 
. Number (GHz) | . Package. Page 
|. 45 р 2 6-35 
3.0 chip 6-84 













AT-41400 ch 
AT-60100 
AT-60200 
AT-60500 


chip 6-92 
chip 6-95 























AT-41410 100 mil stripline 6-38 
AT-41470 70 mil stripline _ 6-47 
AT-60510 100 mil stripline 






AT-60570 70 mil stripline 6-104 


0 | 598 | 
14.0 micro-X ceramic SM 6-44 
80 1072 ` 650 
_ 40 | 130 micro-X ceramic SM 6-101 
4.0 85 mil plastic 6-52 
4.0 85 mil plastic | 6107 
| | | 6-41 
6-55 















98 
90 


АТ-41435 175 — 
АТ-41472 11.5 
АТ-60535 17.0 


АТ-41485 
АТ-60585 


АТ-41411 
АТ-41486 















SOT-143 SM plastic 
85 mil SM plastic 



















AT-41511 SOT-143 SM plastic 6-58 
AT-41586 85 mil SM plastic 6-58 
АТ-60111 507-143 SM plastic 
AT-60211 SOT-143 SM plastic 






AT-60586 85 mil SM plastic 


Sorel? Max. 
Part Test Freq. N Рав @ 1.0 GHz | Usable Ғгед.181 

Number (GHz) (dB) (dBm) (dB) (GHz) Package 
AT-00500 416.0 15.5 9.0 chip 
AT-01600 +22.0 13.0 9.0 chip 
AT-42000 +21.0 17.0 15.0 chip 

2.0 | 3.0 : 

2.0 | 3.0 | 




























F, 
AT-00510 25 100 mil stripline 
25 





AT-00570 | 70 mil stripline 
AT-01610 2.0 2.3 100 mil stripline 
AT-01670 2.0 2.3 70 mil stripline 
AT-42010 100 mil stripline 


AT-42070 
AT-00535 


70 mil stripline 
micro-X ceramic SM 












АТ-00572 ТО-72 
АТ-01635 micro-X ceramic SM 
AT-01672 TO-72 









AT-42035 | micro-X ceramic SM 

АТ-42085 85 mil plastic 6-78 

AT-00511 SOT-143 SM plastic 6-14 

AT-42086 85 mil SM plastic 6-81 
Notes: 


[a] Frequency at which |5-г|2 gain equals 6 dB. 
[6] Frequency at which unilateral gain equals unity or 0 dB. 
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Silicon Bipolar Transistors (cont.) | 
Linear Power (Typical Specifications at +25°С Case Temperature) 


|52157 | Мах. | | 
Рап Test Freq. Pap Gia | @1.0 GHz | Usable Freq.l) | „Г | 
.. Number (GHz) | (dBm) (dB) (dB) | (GH) - (GHz) | Package Page 
AT-64020 28.0 +10.0 8.0 200 mil BeO disk 6-113 
AT-64023 27.0 9.5 8.0 230 mil flange BeO 
Class C Power (Typical Specifications at +25°С Case Temperature) 
Part Test Frequency | Power Out Gp Tuned ne | Supply Voltage 
| Number (MHz) (Watts) (dB) (96) (V) 
ASP-0910 _ 900 
ASP-0955 900 - 


Oscillator Devices (Typical Specifications at +25°С Case Temperature) 


Part 
Number 















6 lead power flange 
6 lead power flange 


Раде 
6-5 _ 
6-7 ` 


. Max. | Е | | 
Recommended 
Operating Freq.Ic] і ) 4, @ 4. | 
. (GHz) | Package Page 















AT-21400 40 6-33 
АТ-41400 25 6-35 
AT-42000 25 6-66 
АТ-60500 18 6-95 





Notes: 

[a] Frequency at which |S» gl? gain equals 6 dB. 

[6] Frequency at which unilateral gain equals unity or 0 dB. 
[c] For fundamental oscillation. 
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DU) HEWLETT ASP-0910 
"B PACKARD 10 Watt, 900 MHz 


Silicon Power Transistor 








Features Power Flange 
e Power Out: 10 Watts | | x 
e Common Base Class C Power Transistor 45%. "|5199 mrs 
e Frequency: 800-960 MHz = "m 
e Voltage: 25 V | un 5.84 0258 TYP MAX 
в в š ° e Í / в 
к toed Mis À s P Je 10:1 | 1092-25 Е d 
e Loa ismatcn гоегапсе. . | 10.92+.25 Чч», Wi, | | 
Ж X .130 
| | | 330 DIA 2 PL 
Description 
---120 
Тһе ASP-0910 is a large signal, Class С common base, NPN uo. 1728-949. e. 
silicon bipolar power transistor, housed in a BeO flange | р 
package for excellent thermal transfer. This device is designed 
for use as a 10 W driver or output amplifier for base station 360 __ T 
applications in cellular telephone systems operating in the 800 Á 9.14 | 0.13 4.02 
to 960 MHz frequency range. + | 
| | 265 REF | 
Excellent device uniformity, performance and reliability are -— | | КОЛ 
produced by the use of ion-implantation, self-alignment tech- 110 | 4.23 4.25 
niques, and gold metalization in the fabrication of these de- is n MN | 
vices. Emitter ballasting ensures a rugged device capable of | 
withstanding severe load mismatches. | 
Dimensions are Am 
Tolerances: іп .ххх = +.005 mm .хх = +.13 
_ Power Output vs. Power Input | 
_ Meg = 25 V, f = 900 MHz 
(Broadband performance in demo circuit) Marking and Lead Configuration 
12 : | 
10 Base | Collector Base 
= а 
Š 6 
m Flange is 
` 4 electrically 
А isolated 





Base  Emitter Base 


Electrical Specifications, TA = 25°C - 














Parameters and Test Conditions 

| ~ Vee = 25 V, Pin = 1 W, f = 900 MHz 
Vcr = 25 V, Pin = 1 W, f = 900 MHz 
Vce = 25 V, Pin = 1 W, f = 900 MHz 
МСЕ = 25 V, rated Рош, f = 900 MHz 
Veg = open, lc = 50 mA. 
Ves = 0 V, lc = 100 mA 
| ' Vcg = open, lg = 15 mA 
Forward Current Transfer Ratio | | Vcg = 5 М, © =1 А 


Collector Leakage Current ú Vcg = 26 V m | 


f= 1 MHz, Vcg = 25 V, le = 0 mA 


= 
< 
© 
















. Output Power! 
Power Gain! 
Collector Efficiency' 





ВЕ 
2 =. 
o 


N | > 
ЗЕ 
ІІ 
№ 
© 












=À 
O 


6-5 





ASP-0910 | 
10 Watt, 900 MHz Class C Power Transistor 


Absolute Maximum Ratings Typical Performance,T, = 25°С 


| (Unless otherwise noted.) 
Parameter Absolute ы 
| Maximum! 


Emitter-Base Voltage VEBO 4.0 V 



















Collector-Emitter Voltage 50 V Mean Time to Failure 
Collector Current 2.0A 1E+9 Е 
Power Dissipation2, 3 25 W | 

Junction Temperature 200°С 

Storage Temperature -65 to 150°С 





Thermal Resistance2: Өс = 6.3°C/W 





Notes: 

1. Operation of this device above any one of these parameters "nc 
may cause permanent damage. 

2. le = 25°C 

З. Derate at .16 W/°C for Tease > 45°C 


Typical Broadband Performance 
Output Power and Collector Efficiency | Typical Broadband Performance 
vs. Frequency and Input Power Input ind аттын 
СЕ = 


G ' IL 





Frequency, GHz ` | Frequency, MHz 


Typical Generator Impedance 
vs. Frequency 
Pin = 1 М, Усе = 25 V 


Typical Load Impedance 
уз. Frequency 
Pin = 1 М, Усе = 25 V 


ІХ (Га), ohms 


| IX C.) cha 





Frequency, MHz 








Test Circuit Layout and Schematic 


850-900 MHz о cd O Vec 
i = 


150pF 1nF 










RF in ASP-0910 


0.5 - 7 pF 





Inductors are 3T 0.1" dia. 30 mil wire 


(not to scale) | | 2. 
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1-8 HEWLETT ASP-0955 
O PACKARD 55 Watt, 900 MHz 
Silicon Power Transistor 





Features | Power Flange 
e Power Out: 55 Watts u ' | 
e Common Base Class C Power Transistor as | i O78 арі 
e Frequency: 800-960 MHz | "m ПИ |] 
e Voltage: 25 V 2 m | 5.84 025Ң түр MAX 

е Е . E L = 
e Efficiency: 50% Min. | | 2430.000 +! | Ж 
e Load Mismatch Tolerance: 4.3:1 10.92+.25, VI | Bu 

| mE | ili | 230 DIA 2 PL 
Description | aun 
The ASP-0955 is a large signal, Class C common base, NPN | -— —— .725- 93 
silicon bipolar power transistor, housed in a BeO flange л 
package for excellent thermaltransfer. This deviceis designed 
for use as a 55 W driver or output amplifier for base station 260. ете 
applications in cellular telephone systems operating іп the 830 Г. 9.14 — | 1042. 52" 
to 960 MHz frequency range. 47 | | 14 
| | | | :265 REF — | 

Excellent device uniformity, performance and reliability are шаһ | | san 010 
produced by the use of ion-implantation, self-alignment tech- 30 | | 4.23 4.25 
niques, and gold metalization in the fabrication of these de- 2.79 ны an — _| 


vices. Emitter ballasting ensures a rugged device capable of 


withstanding severe load mismatches. | 
Dimensions are A 


Tolerances: in.xxx = +.005 mm .хх = t.13 


Power Output vs. Power Input 
є = 25 V, f = 900 MHz 


Vc 
(Broadband performance in demo circuit) Marking and Lead Contiguration 


Base Collector Base 


Part Number 
Date Code 


Base Emitter Base 






Flange is 
electrically ` 
isolated 





Electrical Specifications, TA = 25°С 


Parameters and Test Conditions 


Output Power! MEM 9 Mog = 25 V, Pin = 7 W, f = 900 MHz 
Power Gain! Voge = 25 V, Pin = 7 W, f = 900 MHz 
Collector Efficiency! - Vee = 25 V, Pin = 7 W, f = 900 MHz | 
Load Mismatch Tolerance Vcg = 25 V, rated Poy, f = 900 MHz 
Collector-Emitter Voltage | Veg = open, lc = 50 mA 
Collector-Emitter Voltage | m Veg = 0 V, с = 100 mA 



























СЕЕ ° 
< 
= 










ВУсео 
BVces 








В\УЕво Emitter-Base Voltage Vcg = open, lg = 15 mA | | 
FE Forward Current Transfer Ratio Vcg = 5 V, lc = 3 A — 


> 
pe 


Ices Collector Leakage Current _ Voce = 26 V 
Cos Collector-Base Capacitance — — f = 1 MHz, Vcg = 25 V, lg = 0 mA 
tes: 1. Tuned narrow band test. 
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ASP-0955 
55 Watt, 900 MHz Class C Power Transistor 


Absolute Maximum Ratings 












Parameter 


Emitter-Base Voltage 
Collector-Emitter Voltage 
Collector Current 

| Power Dissipation2. 3 
Junction Temperature 
Storage Temperature 


Thermal Resistance?: Өү = 1.2°C/W | 


Notes: 

1. Operation of this device above any one of these parameters 
may cause permanent damage. 

2. Tease = 25°C 

З. Derate at .83 W/°C for Tease > 62°C 








Typical Broadband Performance 
Output Power and Collector Efficiency 
vs. Frequency and Input Power 

СЕ = 









Typical Generator Impedance 
vs. ag pipi 4 
Pin = 7 W, Усе = 25V 


R (Га), ohms 
.]X (Го), ohms ` 





Typical Performance,T, = 25°C 


(Unless otherwise noted.) 


1E+9 


Mean Time to Failure 
vs. Junction Temperature 





Typical Broadband Performance | 
Input VSWR vs. Frequency 
СЕ = 


Typical Load impedance 
vs. Frequenc 
Pin = 7 М, Усе = 25 V 





IX (L), ohms 





Test Circuit Layout and Schematic 
850-900 MHz 


mE | Inductors are 3T 0.1" dia. 30 mil wire 
(not to scale) | | 


ASP-0955 


Ferrite М 





О Усс 


-L 


100 pF 50 uF 50 Va. 


100 pF 
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[y] Баскано 


АТ-00500 

Up to 4 GHz General Purpose 
Silicon Bipolar Transistor 
Chip 





Features 


e 16.0 dBm typical Рі вв at 2.0 GHz 

e 11.5 dB typical G1 ав at 2.0 GHz 

e 2.5 dB typical NFo at 2.0 GHz 

е High Gain-Bandwidth Product: 9.0 GHz typical fr 


Description 


The AT-00500 is a high performance NPN silicon bipolar tran- 
sistor chip designed for use in wide band amplifier and oscilla- 
tor applications operating over VHF, UHF and microwave fre- 
quencies. 


The die are nitride-passivated for surface protection. Excellent 
device uniformity, performance and reliability are produced by 
the use of ion- -implantation, self-alignment techniques, and 
gold metallization in the fabrication of these devices. 


The recommended assembly procedure is gold-eutectic die at- 
tach at 400°C and either wedge or ball bonding using 0.7 mil 
gold wire. See also “Chip Use" in the APPLICATIONS section. 


INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN 
vs. FREQUENCY 


VcE = 8 V, Іс = 20 mA 


Gain, dB 






Sociis е 


0.1 


Electrical Specifications, TA = 25°С 


| Symbol _ Parameters and Test Conditions’ 


Insertion Power Gain: VCE = 8 V, Ic = 20 mA 





Power Output @ 1 dB Gain Compression: 
МСЕ = 8 V, Ic = 20 mA 


1 dB Compressed Gain: VCE = 8 V, Ic = 20 mA 
Optimum Noise Figure: VCE = 8 V, Ic = 5 mA 
Gain @ NFo: VCE = 8 V, Ic = 5 mA 
Gain Bandwidth Product: VCE = 8 V, Ic = 20 mA 









Collector Cutoff Current: VCB = 8 V 
Emitter Cutoff Current: VEB = 1 V 
Collector Base Capacitance?: VCB = 8 V, f 








Forward Current Transfer Ratio: VCE = 8V, Ic = 20 mA 


= 1 MHz 


Chip Outline 


Base Pad 


158 рт 
6.22 mil 


Emitter Pad 
















Notes: 1. RF performance is determined by packaging and testing 10 devices per wafer. 


2. For this test, the emitter is grounded. 
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AT-00500 
General Purpose Silicon Bipolar Transistor 


Absolute 
Maximum! 


1.5 V 
. -20V 
12V 
50 mA 


Absolute Maximum Ratin S. 

























Parameter 


Emitter-Base Voltage 
Collector-Base. Voltage. | 
Collector-Emitter Voltage 

_ Collector Current Е 















Power Dissipation?? 500 mW 
Junction Temperature 200?C 
Storage Temperature —65?C to 200?C 


Thermal Resistance?^: Bic = 75°C/W 


Notes: | | 

1. Operation of this device above any one of these parameters 
may cause permanent damage. 

2. ТСАЗЕ = 25°С. 


3. Derate at 13.3 mW/°C for Tc > 163°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
. See MEASUREMENTS section "Thermal Resistance" for more 





. information. | 
INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND COLLECTOR VOLTAGE 
` f22.0 GHz | 


IS 21-12 Gain, dB 





OUTPUT POWER AND 1 dB COMPRESSED GAIN 
уз. COLLECTOR CURRENT 


VcE = 8 V, f = 2.0 GHz 





P4 ав, dBm 


G4 ав, dB 
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Part Number Ordering Information 


— Devices Per Tray 


100 
up to 300 


AT-00500-GP2 
AT-00500-GP4 


AT-00500-GP6 





Typical Performance, T4 = 25°С 


(unless otherwise noted) 


INSERTION POWER GAIN 


vs. COLLECTOR CURRENT AND FREQUENCY 
УСЕ = 8 V 


IS 24E! 2 Gain, dB 





NOISE FIGURE AND ASSOCIATED GAIN 
vs.FREQUENCY 


VCE = 8 V, Іс = 5 mA 





СА, dB 


Frequency, GHz 


NF, dB 


AT-00500 
General Purpose Silicon Bipolar Transistor 














Typical Scattering Parameters: Common Emitter, Zo = 50 Q ТА = 25°С, Vcg = 8 V, с = 5 mA 
Fre S11 S21 S12 S22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 87 -29 23.2 14.43 161 -32.4 024 — 76 96 -14 
0.5 .66 -103 — 18.2 8.17 116 —23.2 069 45 .61 —42 
1.0 57 -142 13.6 4.78 94 -21.4 085 40 44 -47 
1.5 54 -162 10.2 3.24 81 -20.4 096 44 139 2-50 
2.0 54 -176 8.0 251 ` 72 —19.4 .107 49 .38 —53 
2.5 54 178 6.1 2.02 64 —18.6 .118 52 .38 —55 
3.0 56 171 4.8 1.73 55 ~17.5 134 _ 53 _.39 -59 
3.5 56 163 3.6 1.52 51 —16.5 149 58 A0 —63 
4.0 .58 158 . 2.5 1.33 44 —15.9 .160 59 43 —66 
4.5 59 153 1.6 1.20 39 -15.1 476 _ 60 46 -71 
5.0 59 149 0.6 1.07 33 -14.2 .194 61 48 —76 
5.5 .60 144 —0.1 0.99 29 -13.8 204 62 50 —83 
6.0 62 141 -1.1 0.88 23 -13.4 215 63 54 —88 
ТА = 25°C, Vce = 8 V, с = 20 mA 
0.1 .64 —66 30.4 33.05 145 -35.4 017 65 82 -29 . 
0.5 56 |  -149 21.1 11.31 99 —28.4 .038 52 .34 -53 ` 
1.0 55 -172 15.5 5.96 86 /| -24.9 057 _ 61 2 —52 
1.5 55 178 11.9 3.95 77 -22.3 077 66 24 -54 
2.0 56 169 9.6 3.03 70 -20.3 097 68 25 -56 
2.5 55 165 7.6 2.41 64 -188 ^  .115 69 26 59 
3.0 57 160 6.3 2.06 57 . -17.3 .136 69 27 -63 
3.5 .57 155 5.1 1.81 53 —16.2 .155 70 .28 —67 
4.0 59 150 3.9 1.57 47 -15.4 170 69 32 -70 
4.5 60 146 3.1 1.42 43 14.3 192 69 .35 -75 
5.0 .60 144 2.1 1.27 38 —13.7 .207 62 437 -79 
5.5 ‚62 139 1.4 1.18 [3 —13.1 .221 68 | .39 -85 - 


6.0 .62 136 0.4 1.05 29. —12.5 237 68 43 ` —90 
A model for this device is available in the DEVICE MODELS section. PE 
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BHEWLETT o AT-00510 
ipee LER ыр зы Б _ Up to 4 GHz General Purpose | 
d a Silicon Bipolar Transistor 


С 








Features | 100 тїї Раскаде 
е 16.0 dBm typical P; ав at 2.0 GHz 

е 10.5 dB typical С! ap at 2.0 GHz 

ө 2.5 dB typical NFo at 2.0 GHz 

е High Gain-Bandwidth Product: 8.0 GHz typical fr 
е Hermetic Gold-ceramic Microstrip Package 


LM — 








Description .020 - 
| " .508 

The AT-00510 is a high performance NPN silicon bipolar 

| Wo up uut | | Notes: 
transistor housed in a hermetic, high reliability package. This | 2L] EMITTER (unless otherwise ne 
device is designed for use in wide band amplifier and oscillator | 1. Dimensions аге 2. 
applications operating over VHF, UHF and mcirowave 2. Tolerances — "^ 
frequencies. | mm .xx= 1.13 

004.002 100 | 

Excellent device uniformity, performance and reliability аге pro- | ЛО + .05 — 2.54 | 
duced by the use of ion- implantation, self-alignment іесһ- | 
niques, and gold metallization in the fabrication of these = A 


devices. Т | | | 
.495 + :030 ,030 
12.57 « .76 76 


INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN 


vs. FREQUENCY Outline 10A 
Vee = 8 V, Іс = 20 mA 


Gain, dB 


ы!!! 
T D NNI 
Mill 


Км ыы 





Electrical Specifications, TA = 25°С 


Parameters and Test Conditions | Units | 


Insertion Power Gain: VcE = 8 V, Ic = 20 mA 


















Power Output @ 1 x Gain Compression: 
МСЕ = 8 V, Ic = 20 


1 dB Compressed не VCE = 8 V, lc = 20 mA 
Optimum Noise Figure: VcE = 8 V, Ic = 5 mA 
Gain @ NFo: VcE = 8 V, Ic = 5 mA 








f = 2.0 GHz 


f = 2.0 GHz 
f = 2.0 GHz 
f = 2.0 GHz 















Forward Current Transfer Ratio: VCE = 8 V, Ic = 20 mA 
Collector Cutoff Current: Vcp = 8 V 

Emitter Cutoff Current: VEp = 1 V 

Collector Base Capacitance’: Vcg = 8 V, f = 1 MHz 
Note: 1. For this test, the emitter is grounded. 
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Absolute Maximum Ratings 


Absolute 
Maximum 















Parameter 





Emitter-Base Voltage 
_ Collector-Base Voltage ` 
Collector-Emitter Voltage 
Collector Current 
Power Dissipation?? 
Junction Temperature 
Storage Temperature 


Thermal Resistance24: Өс = 150°C/W | 


Моїез: | | 

1. Operation of this device above any one of these parameters 
may cause permanent damage. 

2. TCASE = 25°С. 

3. Derate at 6.7 mW/°C for Tc > 125°C. | 


4. The small spot size of this technique results in а higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 






OUTPUT POWER AND 1 dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT 


Vece = 8 V, f = 2.0 GHz 











АТ-00510 


General Purpose Silicon Bipolar Transistor 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


521Е|? Gain, dB 


INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


Vce=8V 











NOISE FIGURE AND ASSOCIATED GAIN 
vs.FREQUENCY 


Vcg = 8 V, © = 5 mA 











A model for this device is available т the DEVICE MODELS section. 
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E 
с 
© 
x 
9 
к I 
| & 
© ° а 
8 у > 
G 3 
0 
0.5 1.0 2.0 3.0 4.0 
Ic, mA Frequency, GHz 
Typical Scattering Parameters: Common Emitter, Zo = 500 ТА = 25°С, Vcg = 8 V, Ic = 5 mA 
Freq | 511 | S21 S12 S22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
04. 75. -31 23.3 14.61 160 -31.7 026 81 95 —16 
0.5 60 -112 18.3 8.22 111 -23.0 071 42 58 -51 
1.0 54 -152 13.4 4.65 85 -21.4 085 33 41 -63 
1.5 52 -173 10.2 3.24 69 -20.1 099 33 36 —70 
20 52 171 7.9 2.49 55 -19.2 109: 33 35 277 
2.5 53 163 6.3 2.07 47 -17.8 128 35 33 -81 
3.0 55 153 4.9 1.75 36 -17.1 139 36 34 -90 
3.5 55 143 3.8 1.54 24 —16.1 157 32 36 -101 
4.0 55 134 2.7 1.37 13 -15.4 170 30 38 -111 
4.5 55 123 0 1.9 1.24 3 —14.4 190 25 40 -121 
5.0 55 111 | 1.1 1.14 8 2137 206 20 42 —131 
ТА = 25°C, Мсе = 8 V, lc = 20 mA 
0.1 47 -n 29.7 30.66 145 - -34.4 019 өз зз -30 
0.5 52 —156 20.8 10.90 97 -27.7 041 51 34 —66 
1.0 53 -179 15.1 5.68 | 78 -24.7 058 52 24 _72 
1.5 52 167 11.8 3.87 65 -21.4 085 55 22 —76 
2.0 53 156 9.4 2.94 53 —19.6 105 51 22 -84 
2.5 54 151 7.7 2.42 46 —17.8 128 55  .22 -88 
3.0 56 143 6.2 2.04 37 -16.7 146 50 23 -98 
3.5 56 135 5.0 1.78 26 -15.6 465 - 44 ,.25 -107 
4.0 55 126 4.0 1.59 16 —14.6 186 39 27 -117 
4.5 55 117 3.2 1.44 6 -13.7 206 32 30 -126 
5.0 56 _105 2.4 1.32 A —13.0 22226 31 -135 


HEWLETT ы, АТ-00511 
PACKARD 72 ЛЛ Surface Mount General Purpose 


Silicon Bipolar Transistor 


С 








Features Е m |. SOT-143 Plastic Package 
e 11 dB Typical Р, ав at 2.0 GHz | О | 032 (0.098) 

e 11.5 dB Typical G44g at 2.0 GHz " ú 0.78 (0.031) 

e 1.8 dB typical NFo at 1.0 GHz 






e High Gain-Bandwidth Product: 7.0 GHz Typical fp ЕМПТЕн | COLLECTOR | | | | 
e Low Cost Surface Mount Plastic Package | | 










| ç ih | 1.40 (0.055) 2.65 (0.104 
e Tape-and-Reel Package Option Available! 1.20 (0.047) 2-10 (0.083) 
| | Е Е ВАЅЕ EMITTER: 
И 0.60 (0.024) 
Description 0490919) a 0.54 (0.021) 
| 2.04 (0.080 0.37 (0.015) 
The AT-00511 is a low cost NPN silicon bipolar transistor 1.78 (0.070) 
housed in the surface mount plastic SOT-143 package. This | | | | 
device is designed for use in low noise, wideband amplifier and Kam | u алг ue | 
0.09 (0.003) 


oscillator applications operating over VHF, UHF and micro- DER .09 (0. 
wave frequencies. | TEM (ПП 1.02 (0.041) | Á À 
| l оф 0.85 (0.033) | 
№ 


Excellent device uniformity, performance and reliability are | 






produced by the use of ion-implantation, self-alignment tech- 21040004). $45 (0.018. 
niques, and gold metallization in the fabrication of these | Se + 0.178 
devices. | | (0.007) 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 


2.642 (0.104) 
2.108 (0.083) 


Insertion Power Gain, Maximum Available 
Gain and Maximum Stable Gain vs. Frequency 
Усе = 8V, іст 5 mA 


Typical Noise Parameters: Усе = 8 V, lc = 10 mA 





2 5 10 2.0 5.0 


Frequency, GHz 


s 
=s 


Electrical Specifications, TA = 25°C 


Parameters and Test Conditions | 


Insertion Power Gain: VCE 8 V, с 2 5 тА f 21.0 GHz 
| | f = 2.0 GHz 
f = 2.0 GHz 
f= 2.0 GHz 



















Power Output @ 1 dB Compression: VCE = 8 V, Ic = 15 mA 
1 dB Compressed Gain: VCE = 8 V, IC = 15 mA 








NFo Optimum Noise Figure: VCE = 8 V, Іс = 5 mA _ f=1.0 GHz dB 
GA Gain € NFo: VCE = 8 V, Ic = 10 mA f 1.0 GHz dB 
Gain Bandwidth Product: ҮСЕ = 8 V, ІС = 15 mA | | GHz. 

hFE Forward Current Transfer Ratio: VCE = 8 V, Ic = 20 mA 
ICBO Collector Cutoff Current: VCB = 8 V ША 
IEBO Emitter Cutoff Current: VEB = 1 V ША 


Notes: 1. Refer to PACKAGING Section of Data Book, “Tape-and-Reel Packaging for Semiconductor Devices.” 
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AT-00511 
Low Noise Silicon Bipolar Transistor 


Absolute Maximum Ratings | ы Part Number Order Information 


Absolute | | 


Emitter-Base Voltage | . 1.5 V AT-00511-TR1 3000 














































| Collector-Base Voltage 20 V 
Collector-Emitter Voltage . 12 V АТ-00511-ТН2 10000 : 
Collector Current 50 mA For more information, see "Tape and Reel Packaging 
Power Dissipation 2,3 230 mW for Semiconductor Devices", page 14-14. 
Junction Temperature 150°С | 





Typical Performance, T4 = 25°С 


Storage Temperature -65°С to 150°С 
(Unless otherwise noted) 
Thermal Resistance 2:4: 6,,=530°C/W | 


Notes: 

1. Operation of this device above any one of these parameters may 
cause permanent damage. 

2. Тсазе = 25°С 

3. Derate at 1.9 mW/ °C for Тс>28°С 


4. See MEASUREMENTS section of DATA BOOK for more information 


Noise Figure and Associated Gain i Output Power and 1dB Compressed Gain 
vs. Frequency vs. Collector Current 
Vcg = 8V, Ic= 5 mA Vcg = 8V, f = 2 GHz 























a 
ч 
à 
3 
|o 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Common Source, Z, = 50 © | Ta = 25°С, Усе = 8 V, [с = 5 mA 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag . Ang 
ce дд 
0.1 .88 -28 22.76 13.73 159 -31.42  . .027 . 79 .95 -15 
0.5 59 -100 17.52 7.52 110 -23.12 | 070 43 .60 -43 
1.0 45 -138 12.54 4.23 85 -20.73 | .092 41 47 -52 
1.5 40 -162 9.45 2.97 69 -19.12 111 42 45 -57 
2.0 .38 178 7.25 2.30 56 -17.70 .130 41 44 -62 
2.5 .39 163 5.60 1.91 47 -16.69 .146 44 .44 -65 
3.0 .41 147 4.19 1.62 36 -15.75 .163 44 43 -73 
3.5 .46 136 2.88 1.39 25 -14.81 .182 39 43 -83 
4.0 49 127 1.73 1.22 15 -13.95 .201 37 44 -94 
-——————————————————————————————————————————————————————————————————X!H—! nisi 
Typical Scattering Parameters: Common Source, Z, = 500 ТА = 25°C, Усе- 8 V, lc = 15 mA 
GHz Mag Ang dB Mag Апа dB Mag Ang Mag Ang 
ae С ——————————— A——M- 
0.1 .71 -51 _ 28.12 25.48 147 .. -33.11 || 022. 70 ‚85 ‚ -25 
0.5 .49 -136 19.56 9.51 99 -26.28 .049 50 41 -50 
1.0 43 -166 14.00 5.01 80 -22.83 „072 52 „34 -54 
1.5 41 176 10.72 3.43 67 -20.61 „093 53 .34 -58 
2.0 41 160 8.41 2.63 55 -18.27 122 54 .35 -64 
2.5 42 _ 149 6.68 2.16 48 -16.70 .146 53 „35 -68 
3.0 45 _ 137 5.21 1.82 38 -15.56 167 52 434 -76 
3.5 .48 127 3.94 1.57 280 -14.45 .189 49 | .35 -89 
4.0 .51 119 2.75 1.37 20 ` -13.45 .213 - 45 436 -99 
—————smáÁ—————————————————————————————————————————————d— ssa 





| AT-00535 ` | 
у mM _  . Up to 4 GHz General Purpose 


Silicon Bipolar Transistor 





Сг 





Features | n О 35 тїсго-Х РасКаде 
e 16.0 dBm typical Р: ap at 2.0 GHz | | a 
° 10.5 dB typical Gi ав at 2.0 GHz | | ^] EMITTER 


° 2.5 dB typical NFo at 2.0 GHz | 
e High Gain-Bandwidth Product: 8.0 GHz typical fr 
e Cost Effective Ceramic Microstrip Package 


Description 





The AT-00535 is a high performance NPN silicon bipolar tran- | 
sistor housed in a cost effective, microstrip package. This de- 2| | EMITTER 
vice is designed for use in wide band amplifier and oscillator ap- | 


plications operating over VHF, UHF and microwave frequen- Notes: 


(unless otherwise specified) 


cies. | 

x 1. Dimensions аге =" 
Excellent device uniformity, performance and reliability are pro- .057 5.010 100 2. Tolerances 
duced Бу the use of ion-implantation, self-alignment tech- 1.45 t .25 2.54 іп .xxx = %.005 


niques, and gold metallization in the fabrication of these i | mm .xx = £.13 
devices. | Y 


022 | к ,455 +.030 — 
.56 11.54 = .76 
. 006 +.002 
15 = .05 


INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN 
vs. FREQUENCY 


VCE = 8 V, lc = 20 mA 


Gain, dB 





Frequency, GHz 


Electrical Specifications, TA = 25°С 









Parameters and Test Conditions 
Insertion Power Gain: VCE = 8 V, IC = 20 mA 












Power Output @ 1 dB Gain Compression: 
VcE = 8 V, Ic = 20 mA 


1 dB Compressed Gain: VcE = 8 V, Ic = 20 mA 
Optimum Noise Figure: VCE = 8 V, Ic = 5 mA 
Gain @ NFo: ҮСЕ = 8 V, lc = 5 тА 













Forward Current Transfer Ratio: VCE = 8 V, Ic = 20 mA 
Collector Cutoff Current: VcB = 8 V 
Emitter Cutoff Current: VEB = 1 V 


Collector Base Capacitance': Усв = 8 V, f 2 1 MHz 
Note: 1. For this test, the emitter is grounded. 
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AT-00535 
Low Noise Silicon Bipolar Transistor 


Absolute Maximum Ratings 


Absolute 
Parameter | symbol | Meum | 




















Emitter-Base Voltage 1.5 V 
Collector-Base Voltage 20 V 
Collector-Emitter Voltage 12 V 
Collector Current 50 mA 
Power Dissipation?’ 500 mW 
Junction Temperature 200°С 
Storage Temperature* —65°С to 200°C 


Notes: 


1. Operation of this device above any one of these parameters 
may cause permanent damage. 


2. TCASE= 25°C. 
3. Derate at 5.6 mW/°C for TCASE > 110°C. 
4. Storage above 150°C may tarnish the leads of this package 


making it difficult to solder into a circuit. After a device has 
been soldered into a circuit, it may be safely stored up to 200°C. 


5. The small spot size of this technique results in a higher, though 
more accurate determination of Ө than do alternate methods. 
See MEASUREMENTS section “Thermal Resistance” for more 
information. 


OUTPUT POWER AND 1 dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT 


VcE = 8 V, f = 2.0 GHz 


P4 ав. dBm 


61 вв, dB 





Ic, mA 


Typical Performance, T4 = 25°С 


(unless otherwise noted) 


IS 31g! ? Gain, dB 


СА, dB 


INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


УСе-8 У > 








NOISE FIGURE AND ASSOCIATED GAIN 
vs. FREQUENCY 


УСЕ = 8 Ү, © = 5 тА 


NF, dB 


Frequency, GHz 











ТА = 25°С, Vce = 8 V, lc = 5 mA 








Fre $11 $21 $12 $22 
cH Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 82 —29 23.4 14.90 159 -33.1 022 69 95 -16 
0.5 .58 —106 18.3 8.20 110 —23.4 068 44 58 —47 
1.0 .49 —149 13.4 4.67 83 —20.9 090 37 41 —57 
1.5 .48 —175 10.3 3.28 66 -19.6 105 39 35 -64 
2.0 49 167 8.1 2.53 52 —18.1 125 37 32 —74 
2.5 .50 156 6.4 2.10 43 —17.0 141 41 31 —82 
3.0 .53 144 5.0 1.78 31 -15.9 160 39 30 -97 
3.5 54: 134 . 3.9 1.56 19 —15.0 178 . 36 34 —110 
4.0 54 124 2.8 1.38 8 —13.9 202 34 37 -120 
4.5 55. 112 | 2.0 1.25 -3 -12.8 229 29 39 -129 
5.0 56 98 1.2 1.15 -15 -11.9 253 . 23 40 —139 
ТА = 25°С, Vce = 8 V, lc = 20 mA 
0.1 56 —63 29.6 30.24 143 —34.4 .019 62 .81 |. —28 
0.5 47 —150 20.3 10.37 96 -27.3 043 54 36 -52 
1.0 47 -178 14.7 5.43 76 —23.4 .068 . 56 .27 -54 
1.5 48 165 11.4 3.71 62 —20.4 .095 57 .24 —61 
20 _ .50 _ 152 _ 9.1 2.84 49 | —18.3 121 | 53 _ © 23 -72 
2.5 .51 145 7.3 2.33 . 41 -16.7 .146 53 .21 -82 
3.0 54 135 5.9 1.96 31 —15.5 167 50 23 —98 
3.5 .56 126 4.7 1.72 20 -14.2 .194 44 .26 —113 
4.0 56 116 3.7 1.53 9 -13.2 219 40 29 —123 
4.5 .55 106 2.8 1.38 -2 -12.2 .244 32 .32 —131 
5.0 57 93 2.1 1.27 —13 —11.3 273 — 25 .33 —141 


A model for this device is available in the DEVICE MODELS section. 
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D HEWLETT AT-00570 — | 
PACKARD . i |. Up to 4 GHz General Purpose 
Silicon Bipolar Transistor 








Features | 70 mil Package 


е 16.0 dBm typical P; ав at 2.0 GHz 

e 11.5 dB typical Gi ав at 2.0 GHz ` 

e 2.5 dB typical NFo at 2.0 GHz 

e High Gain-Bandwidth Product: 8.0 GHz typical fr 
e Hermetic Gold-ceramic Microstrip Package 





‘Description 
The AT-00570 is a high performance NPN silicon bipolar tran- | | Notes: 
sistor housed in a hermetic, high reliability package. This de- | | (unless otherwise specified) 
vice is designed for use іп wide band amplifier and oscillator ap- · | о are mm 
plications operating over VHF, UHF and microwave frequen- С ен РВ 

2L | EMITTER DOES S 
cies. mm .ХХ = +.13 


Excellent device uniformity, performance and reliability are pro- 


duced by the use of ion-implantation, self-alignment tech- :004 + .002 1070 
10 + .05 
niques, and gold metallization in the fabrication of these 1.70 
devices. 19 -e | i 
а TEN 035 
12.57 + 76 | 789 


INSERTION POWER GAIN MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 


УСЕ = 8 V, lc = 20 mA 


Gain, dB 





0.1 0.3 0.5 10 
Frequency, GHz 


Electrical Specifications, ТА = 25°С 


Symbol | Parameters and Test Conditions. | Units ` | Min. | Typ. / 
Insertion Power Gain: VcE = 8 V, lc = = 20 тА f = 1.0 GHz 


f = 2.0 GHz 
f = 2.0 GHz 




















Power Output @ 1 dB Gain Compression: | 
МСЕ = 8 V, Ic = 20 тА 


1 dB Compressed Gain: VcE = 8 V, Ic = 20 mA 
-Optimum Noise Figure: Vce = 8 V, Іс = 5 mA 
Gain @ NFo: УСЕ = 8 V, Ic = 5 тА 
















f = 2.0 GHz 
f = 2.0 GHz 
f = 2.0 GHz 











Forward Current Transfer Ratio: VcE = 8 V, Ic = 20 mA 
Collector Cutoff Current: Усв = 8 V 

. Emitter Cutoff Current: Veg = 1 V 

Collector Base Capacitance’: Усв = -8 V,f = 1 MHz 

Note: 1. For this test, the emitter is grounded. | 
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AT-00570 
General Purpose Silicon Bipolar Transistor 


Absolute Maximum Ratings 


Emitter-Base Voltage 1.5 V 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 
































 Collector-Base Voltage ^ | 20 V 
Collector-Emitter Voltage 12 V INSERTION POWER GAIN 
О 50 mA vs. COLLECTOR CURRENT AND FREQUENCY 
Power Dissipation?3 500 mW 24 
Junction Temperature 200°C "T 
Storage Temperature —65?C to 200°C o 
x = 
Thermal Resistance?^: Өјс = 155°C/W ЕЕ” 
Notes: | " u T 12 
1. Operation of this device above any one of these parameters Py 
may cause permanent damage. | 8 


2. TCASE = 25°C. | | 
3. Derate at 6.5 mW/°C for Тс > 123°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 





NOISE FIGURE AND ASSOCIATED GAIN 
vs. FREQUENCY | 


Vcgz8V,lc = 5 тА 


OUTPUT POWER AND 1dB COMPRESSED GAIN 
а vs. COLLECTOR CURRENT 


Vee = 8 V, f = 2.0 GHz 


P4 dp, dBm 


СА, dB 





G4 qp. dB 
NF, dB 





Typical Scattering Parameters: Common Emitter, Zo = 50 Q ТА = 25°С, Ус: = 8 V, lc = 5 mA 














A model for this device is available in the DEVICE MODELS section. 
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Freq 511 521 $12 _— Sz 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .82 —29 23.4 14.78 160 —33.1 .022 83 .95 —15 
0.5 .64 —106 18.5 8.41 113 —23.5 .067 40 .59 -49 
1.0 57 —144 13.6 4.79 88 —21.2 .087 33 .42 —60 
1.5 55 —164 10.5 3.35 73 —20.4 .096 33 .38 —66 
20 54 —178 8.2 2.57 60 —19.5 .106 32 .36 —74 
2.5 .54 175 6.6 2.13 53 —18.4 .120 .35 .36 —78 
3.0 .54 167 5.0 _ 1.79 43 —17.7 .130 36 .37 | —87 
3.5 54 159 3.8 1.56 32 —17.2 .138 33 .40 -9/ 
4.0 .53 153 2.8 | 1.38 ‚ 22 —16.3 .153 31 44 -104 
4.5 52 145 1.9 1.24 13 —15.6 .166 28 47 —110 
5.0 .50 135 1. 1.13 4 —14.9 .180 24 .49 —117 
ТА = 25°C, Vcg = 8 V, Ic = 20 mA 

0.1 .57 —68 30.2 32.27 145 —37.1 .014 64 .82 —30 
0.5 .56 -151 21.0 11.22 | 98 —28.4 .038 47 34 . —62 
1.0 55 —173 15.3 5.84 80 —24.7 .058 53 .26 —68 
1.5 55. 175 12.0 3.96 68 —22.6 074 55 25 —71 
2.0 .54 165 9.6 . 3.00 57 —20.9 .090 52 .26 —78 
2.5 .55 161 7.8 2.45 52 —19.0 .112 54 27 -81 
3.0 55 156 6.3 2.06 43 -18.2 .123 51 .29 -90 
3.5 55 149 5.0 1.78 34 —17.0 .141 48 .J3 -98 
4.0 54 144 3.9 1.57 25 —16.0 .159 43 .36 —103 
4.5 52 137 3.1 1.42 16 —15.1 .176 39 .40 —108 
5.0. .50 128 | 2.3 1.30 8 —14.3 .192 35 41 


HEWLETT AT-00572 
PACKARD mE s Up to 1 GHz General Purpose 
Silicon Bipolar Transistor | 





ДС 





Features TO-72 Package 





е 19.0 dBm typical Р ав at 1.0 GHz 

° 6.0 dB typical ©; ав at 1.0 GHz | | — 22 |4— x 
° 2.3 dB typical NFo at 1.0 GHz MAX eee 
e High Gain-Bandwidth Product: 6.5 GHz typical fr мн Bi 


e Hermetic, Metal Package c 
c) 
= 

Description 018 / 

.46 

The AT-00572 is а high performance NPN silicon bipolar tran- DIA 

sistor housed in a hermetic high reliability metal package. This р 

device is designed for use in wide band amplifier and 

Notes: 


oscillator applications operating over VHF, UHF and micro- 


wave frequencies. (unless otherwise specified) 


1. Dimensions are ШД 


2. Тоіегапсеѕ 
in .xxx = 5.005 
mm .хх = +.13 


Excellent device uniformity, performance and reliability are рго- 
duced by the use of ion-implantation, self-alignment tech- 
niques, and gold metallization in the fabrication of these 


О 
| 1 О 
.038 
| .96 
INSERTION POWER GAIN, MAXIMUM AVAILABLE ` 


.. GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY | 
Vee = 8 V, ic = 20 mA 


devices. 





Gain, dB 





Frequency, GHz 


Electrical Specifications, Ta = 25°C 












































| Symbol | _ Parameters and Test Conditions - | Unts | Mi. | Typ | Max _ 
_|521Е/? Insertion Power Gain: VcE = 8 V, Ic = 20 mA f 2 0.5 GHz 14.0 155 | 
| | f = 1.0 GHz | 10.0 
| PidB Power Output @ 1 dB Gain Compression: f = 1.0 GHz dBm 19.0 
УСЕ = 8 V, lc = 20 mA | 
G1 dB 1 dB Compressed Gain: VcE = 8 V, Ic = 20 mA {= 1.0 GHz dB 6.0 
NFo Optimum Noise Figure: VcE = 8 V, Ic = 5 mA f = 0.5 GHz dB | 
f 2 1.0 GHz : 
GA Gain @ NFo: VcE = 8 V, lc 2 5 mA f = 0.5 GHz dB ; 
| | | f = 1.0 GHz | | | : 
Gain Bandwidth Product: VcE = 8 V, Ic = 20 mA GHz | | |. ШИБЕ 
Forward Current Transfer Ratio: Vcg = 8 V, Іс = 20 mA 300 
Collector Cutoff Current: Vcg = 8 V ЦА 0.2 
Emitter Cutoff Current: VEB = 1 V ЦА 1.0 
Collector Base Capacitance’: Vcg = 8 V, f = 1 MHz pF 





Мое: 1. For this test, the emitter is grounded. 
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AT-00572 
General Purpose Silicon Bipolar Transistor 


Absolute Maximum Ratings D HA Typical Performance, Ta = 25°CÇ ` 


Absolute (unless otherwise noted) 
BEER 


Emitter-Base Voltage 1.5 V 
 Collector-Base Voltage | 20V 
















INSERTION POWER GAIN 






Collector-Emitter Voltage 12 V vs. COLLECTOR CURRENT AND FREQUENCY 
Collector Current 50 mA Усе = 8 V | 









Power Dissipation? 500 mW 
Junction Temperature 200°C 
. Storage Temperature —65°С to 200?C 


Notes: 
1. Operation of this device above any one of these parameters 
_ may cause permanent damage. 
2. TCASE = 25°С. | 
3. Derate at 4.3 mW/*C for Тс > 83°C. 
4. The small spot size of this technique results in a higher, though 


more accurate determination of Өјс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 


IS 21612 Gain, dB 




















information. 
NOISE FIGURE AND ASSOCIATED GAIN INSERTION POWER GAIN 
| vs. FREQUENCY | _ vs. COLLECTOR CURRENT AND COLLECTOR VOLTAGE 
" Vce = 8 V, lc = 5 mA | | f = 1.0 GHz | 
= 
И КЕНЕНІ ° 
is ME S 
ч | š 
4 _ | — 2 
° dcc. Š š 
| a =. й =. 5 н 
| кн w j° š қ 
қ pop 
ЖҮ 0.2 03 04 05 1.0. 
Frequency, GHz 
Typical Scattering Parameters: Common Emitter, Zo = 50 © | ТА = 25°С, Vcr = 8 V, с =5 mA 
Freq $11 | S21 4.52 O | _ S22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .82 —22 19.1 8.99 150 -31.4 027 75 87 -19 
0.2 .65 —40 18.7 8.57 129 -27.1 044 72 .72 —27 
0.3 .51 -54 17.6 7.55 116 -24.3 061 69 ‚64 —30 
0.4 .40 -61 16.0 6.29 103 -22.6 074 _ 66 57 =» -30 
0.5 31. -65 || 446 | 5.34 94 —21.3 .086 65 .51 -31 
0.6 .25 —70 13.5 | 4.73 91 —19.7 103. 67 ` 48 0-95 
0.7 .21 —73 12.4 4.17 . 84 —18.6 .118 65 .45 -39 
0.8 .17 -76 11.6 3.81 ` 79 —17.6 131 64 44 —43 
0.9 .16 -81 10.5 ` 3.37 _ 76 -16.8 145 _ 65 | .46 22-47 
1.0 .14 —83 10.0 3.14 72 —16.0 158. 64 46 ` —48 
| | ТА = 25°C, Ус = 8 V, с = 20 mA 
0.1 .51 —39 25.7 19.28 131 —32.8 023 — 77 | .74 -21 
0.2 533 —51 22.3 12.96 110 —28.2 _ 039 77 60 —24 
0.3 .24 —58 19.6 9.50 100 _ -25.2  .055 77 .53 —26 
0.4 .19 —8 . 17.3 227.28. 91 _ —23.2 — .069 74 49 — —24 
0.5 .16 2 -5/ | 15.4 5.91 85 —21.6 .084 72 .46 -25 
0.6 .13 —57 14.1 5.09 83 —19.8 102 73 44 —29 
0.7 .11 —56 | 13.0 4.44 78 —18.5 .119 70 42 -— -33 
0.8 .09 -59 12.1 4.02 74 -17.5 .134 69 — 41 —37 
0.9 .08 —64 10.9 | 3.52 72 —16.5 .149 70 43 —42 
1.0 08 —64 10.3 3.29 68 -15.8 163 68 44 ^ 44 
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HEWLETT mE _ . AT-01600 - 





С 





PACKARD Up to 4 GHz General Purpose - 
dE | Silicon Bipolar Transistor 
Chip 
Features 42% Chip Outline 


° 22.0 dBm typical Р: вв at 2.0 GHz 
е 10.5 dB typical Gi ap at 2.0 GHz 


е High Gain-Bandwidth Product: 8.0 GHz typical т | ВИРТ? 


Description 


The AT-01600 is a high performance NPN silicon bipolar tran- 
sistor chip designed for use in medium power, wide band ampli- 
fier and oscillator applications operating over VHF, UHF and / t58um 
microwave frequencies. 6.22 mii 


The die are nitride-passivated for surface protection. Excellent 
device uniformity, performance and reliability are produced by 
the use of ion-implantation, self-alignment techniques, and 
gold metallization in the fabrication of these devices. 


The recommended assembly procedure is gold-eutectic die at- 
tach at 400 C and either wedge or ball bonding using 0.7 mil 
gold wire. See also "Chip Use" in the APPLICATIONS section. 





Emitter Pad 


ESTE 





INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN 
vs. FREQUENCY 


Vee = 8 V, Іс = 35 mA 









Gain, dB 


01 03 05 10 3.0 0 


Frequency, GHz 


Electrical Specifications, Ta = 25°C 





Parameters and Test Conditions! 
Insertion Power Gain: VCE = 8 V, IC = 35 mA 













Power Output @ 1 dB Gain Compression: 
МСЕ = 8 V, Ic = 60 mA 


1 dB Compressed Gain: VCE = 8 V, IC = 60 mA _ f22.0GHz _ 
Optimum Noise Figure: VCE = 8 V, Ic = 35 mA f = 2.0 GHz 
. Gain @ NFo: МСЕ = 8 V, Ic = 35 mA | f = 2.0 GHz 
Gain Bandwidth Product: VCE = 8 V, Ic = 35 mA 
Forward Current Transfer Ratio: VCE = 8 V, IC = 35 mA 
. Collector Cutoff Current: VCB = 8 V | 
‚ Emitter Cutoff Current: VEB = 1 V 
Collector Base Capacitance?: VCB = 8 V, f = 1 MHz. 


Notes: 1. RF performance is determined by packaging and testing 10 devices per wafer. 
2. For this test, the emitter is grounded. 
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_ AT-01600 
General Purpose Silicon Bipolar Transistor 


` ` 


Absolute Maximum Ratings 


Parameter _ Absolute 
un Maximum' 


Emitter-Base Voltage i 1.5 V 














Part Number Ordering Information 


Part Number | Devices Per Tray 


































Collector-Base Voltage 20 V AT-01600-GP2 10. 
Collector-Emitter Voltage 12 V `АТ-01600-СР4 100 
Collector Current 150 mA _ AT-01600-GP6 up to 300 
Power Dissipation?? 1000 mW mum 
Junction Temperature 200°С 

—65°С to 200°С 


Storage Temperature 


Notes: | . Typical Performance, TA = 25°C 

1. Operation of this device above any one of these parameters (unless otherwise noted) | 
may cause permanent damage. | m 

2. TMOUNTING SURFACE = 25°С. 

3. Derate at 25 mW/°C for TMOUNTING SURFACE > 160°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


INSERTION POWER GAIN INSERTION POWER GAIN 


. ув. COLLECTOR CURRENT AND COLLECTOR VOLTAGE | _ vs. COLLECTOR CURRENT AND FREQUENCY 
VcEZB8V TELE 





IS 24g! ^ Gain, dB 
2 
IS 4g! ^ Gain, dB 





OUTPUT POWER AND 1 dB COMPRESSED GAIN NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT vs.FREQUENCY 
Vce = 8 V, f = 2.0 GHz Усе = 8 V, lc = 35 mA 
E 
tn 
UO 
a 
© 
о e 
© 
5 
t 
© в 
Š : 
9 Z 
o 





Frequency, GHz 
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AT-01600 | 
General Purpose Silicon Bipolar Transistor 


Typical Scattering Parameters: Common Emitter, Zo = 50 О 


Freq S21 | $12 5 

GHz Mag Ang  . dB Mag Ang = dB Mag Ang Mag Ang 
8... 
0.1. .67 -124 31.1 35.75 123 -34.0 020 47 .55 -71 
0.5 .72 —172 18.7 8.64 90 —29.1 .035 53 .24 —128 
1.0 72 175 13.0 4.45 81 -24.9 057 65 .22 -141 
1.5 .72 169 9.4 2.94 73 —21.9 .080 69 .22 —143 
2.0 ala: 163 7.2 2.29 66 —19.7 .103 71 .22 —141 
2.5 .72 160 5.4 1.86 60 —18.1 .124 72 .24 —139 
3.0 74 155 4.0 1.58 53 —16.6 .148 70 .25 -136 
3.5 73 150 2.9 1.40 49 -15.4 .170 71 .27 —135 
4.0 .75 145 1.7 1.22 43 —14.0 .187 69 .29 -135 
4.5 .75 141 0.8 1.10 39 -13.6 210 69 .32 —133 
5.0 .75 139 —0.2 0.98 35 -13.0 2225 67 .35 —132 
5.5 .76 134 —0.7 0.92 29 —12.3 .242 67 .38 —133 
6.0 76 130 —1.7 0.82 26 —11.7 261 66 42 +134 








Ta = 25°C, Vcz = 8 V, Ic = 35 mA 





— — K. r aaa 


.65 
.74 
.75 
.75 
14 
‚75 
.76 
.75 
.75 
.76 
.77 
.76 
.75 


А model for this device is available in the DEVICE MODELS section. 


-146 
-178 
173 
168 
163 
157 
154 
150 
146 
143 
139 
137 
132 


13.0 
9.5 
7.0 
5.4 
3.9 
2.7 
1.7 
0.5 

-0.2 

-1.0 

-1.6 


38.06 
8.94 
4.44 
2.99 
2.24 
1.86 
1.56 
1.36 
1.21 
1.06 
0.98 
0.89 
0.83 
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014 
‚029 


.052 
075 _ 


.096 


. 121 


144 
162 
183 
200 
221 
243 
262 


.50 
.22 
.21 
.22 
.23 
.25 
.27 
.29 
.32 
.34 
.36 
.39 


A2 


ТА = 25°C, Усе = 8 V, с = 60 mA 


-77 
-134 
-142 
-142 
-139 
-137 
-134 
-133 
-129 
-130 
-127 
-127 
-126 


AT-01610 
Ú) 66 |». Upto 4 GHz General Purpose 


Silicon Bipolar Transistor 





Features | 100 mil Package 
e 22.0 dBm typical Р ав at 2.0 GHz 

e 9.5 dB typical G1 ав at 2.0 GHz ` -- 

e High Gain-Bandwidth Product: 7.0 GHz typical fr | E EMITTER 


е Hermetic Gold-ceramic Microstrip Package 







COLLECTOR | 


Description | I 3 

The AT-01610 is a high performance NPN silicon bipolar tran- +020 
sistor housed їп a hermetic, high reliability package. This de- 209 
vice is designed for use in medium power, wide band amplifier Notes: 


applications operating over VHF, UHF and microwave frequen- EMITTER (unless otherwise qe 


cies. 1. Dimensions are —— mm 





2. Tolerances 
Excellent device uniformity, performance and reliability are pro- n mi dre 
duced by the use of ion- implantation, self-alignment tech- 004+.002 P | ке 
niques, and gold metallization in the fabrication of these ЛО + .05 > 54 * — 
devices. - | Е — 
р .495 + .030 P 
| 12.57 + .76 
INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN 

vs. FREQUENCY 

VCE = 8 V, Ic = 35 mA 

— Outline 10A 





Feci fas ш 


Electrical Specifications, TA = 25°С 


_ Parameters and Test Conditions 


Insertion Power Gain: VCE = 8 V, IC = 35 mA .0 GHz 












Power Output Q 1 5 Gain Compression: 
VCE = 8 V, ІС = 60 mA 


1 dB Compressed Gain: УСЕ = 8 V, lc = 60 mA 
Optimum Noise Figure: VCE = 8 V, lc = 35 mA 
Gain @ NFo: VCE = 8 V, lc = 35 mA. 
_ Gain Bandwidth Product: УСЕ = 8 V, Ic = 35 тА 
Forward Current Transfer Ratio: VCE = 8 V, IC = 35 mA 
Collector Cutoff Current: VCB = 8 V 

Emitter Cutoff Current: VEB = 1 V 


Collector Base Capacitance!: VcB = 8 V, f = 1 MHz 
Note: 1. For this test, the emitter is grounded. 















. f = 2.0 GHZ 
f = 2.0 GHz 


et 

10.0 

— — 
0.2 
2.0 
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AT-01610 
General Purpose Silicon Bipolar Transistor 


Absolute Maximum Ratinas 





Emitter-Base Voltage 1.5 V 














Collector-Base Voltage 20 V 
Collector-Emitter Voltage 12 V 
Collector Current 150 mA 
Power Dissipation?? 1000 mW 
Junction Temperature 200?C 
Storage Temperature —65?C to 200°C 


EIN НИЕ 











Thermal Resistance?^: Ojc = 115°C/W 


Notes: | 

1. Operation of this device above any one of these parameters 
may cause permanent damage. 

2. ТСАЅЕ = 25°C. 


3. Derate at 8.7 mW/°C for Tc > 85°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


OUTPUT POWER AND 1 dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT 


МСЕ = 8 V, f = 2.0 GHz 


P4 ав; dBm 


G1 ав, dB 





Typical Scattering Parameters: Common Emitter, Zo = 50 Q 





| S 11 S 21 

Freq. — 

GHz Mag Ang dB Мад Ang Ang _ Ang 
0.1 .69 —125 30.9 35.08 119 44 -80 
0.5 .72 —175 18.3 8.22 86 45 —146 
1.0 .71 171 12.4 4.17 72 50 —162 
1.5 71 160 | 9.1 2.85 60 56 —169 
2.0 .72 151 6.7 2.16 49 50 —174 
2.5 .72 147 5.1 1.80 42 51 —175 
3.0 .73 140 3.8 1.55 32 _ 47 179- 
3.5 .73 132 | 2.8 1.37 22 41 176 
4.0 .72 124 1.8 1.23 11 _ 36 173 
4.5 .72 114 0.9 1.11 1 30 169 
5.0 .73 103 0.1 1.01 -9 23 163 


0.1 69 -138 31.5 37.69 
0.5 .72 -178 18.4 8.34 
1.0 .72 169 12.6 4.25 
1.5 .72 159 9.3 2.91 
2.0 .72 150 6.9 2.22 
2.5 .72 146 5.2 1.83 
3.0 13 139 3.8 1.55 
3.5 13 132 2.7 1.37 
4.0 .73 123 1.7 1.21 
4.5 .73 114 0.8 1.10 
5.0 .73 103 0.0 1.00 


A model for this device is available in the DEVICE MODELS section. 
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IS 51612 Gain, dB 


GA; dB 


Typical Performance, ТА = 25°С 


(unless otherwise noted) 


INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


VcE=8V 


NOISE FIGURE AND ASSOCIATED GAIN 


vs. FREQUENCY 
ҮСЕ = 8 V, іс = 35 mA 





42 
60 
59 
59 
52 

_ 54 
49 | 
44 

37 
30 
24 








Ta = 25°С, Vce = 8 V, lc = 35 mA 





ТА = 25°C, Vct = 8 V, Ic = 60 mA 


—92 


—154 
—167 
-173 
-177 
-179 


176 
174 
171 
166 
160 


NF, dB 


HEWLETT IDEE dev 
DU) PACKARD Up to 4 GHz General Purpose 


Silicon Bipolar Transistor 





Features | С 35 тісго-Х Package 
e 22.0 dBm typical Р: ав at 2.0 GHz 
e 9.5 dB typical G1 ав at 2.0 GHz | 4 [| EMITTER 






High Gain-Bandwidth Product: 7.0 GHz typical fr 


Cost Effective Ceramic Microstrip Package = 


211 DIA. 


BASE COLLECTOR а 


Description | (04 
The AT-01635 is a high performance NPN silicon bipolar tran- 


sistor housed in a cost effective, microstrip package. This de- .508 
vice is designed for use in medium power, wide band amplifier 
applications operating over VHF, UHF and microwave frequen- 
cies. Notes: 

(unless otherwise specified) 
Excellent device uniformity, performance and reliability are pro- b 4 1. Dimensions аге -1- 
duced by the use of ion-implantation, self-alignment tech- 057 5.010 - iE 7” 
niques, and gold metallization in the fabrication of these 1.45 = .25 2.54 in .xxx = 5.005 
devices. mm .xx = %.13 


\ ucc em 


.022 .455 1.030 an 
INSERTION POWER GAIN, MAXIMUM AVAILABLE 56 11.54 £ .76 


GAIN AND MAXIMUM STABLE GAIN 
vs. FREQUENCY | 006 =.002 


VcE = 8 V, Ic = 35 mA | .15 + .05 


Gain, dB 





0.5 1.0 
Frequency, GHz 


Electrical Specifications, TA = 25°С 


Parameters and Test Conditions | 


Insertion Power Gain: VCE = 8 V, IC = 35 mA 










Power Output @ 1 dB Gain Compression: 
VCE = 8 V, lc = 60 mA 


1 dB Compressed Gain: VCE = 8 V, lc = 60 mA 
Optimum Noise Figure: VCE = 8 V, Ic = 35 mA f = 2.0 GHz 
Gain Q МЕО: МСЕ = 8 V, lc = 35 mA f = 2.0 GHz 


_ Gain Bandwidth Product: МСЕ = 8 V, IC = 35 mA GHz |] 79 — 










f 22.0 GHz 















Forward Current Transfer Ratio: VCE = 8 V, IC = 35 mA 30 150 300 
Collector Cutoff Current: VCB = 8 V ША 0.2 
Emitter Cutoff Current: VEB - 1 V | ША 2.0 
Collector Base Сарасйапсе!: VCE = 8 V, f = 1 MHz pF | 0.8 





Note: 1. For this test, the emitter is grounded. 
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AT-01635 
General Purpose Silicon Bipolar Transistor. 


Absolute Maximum Ratings - 


Absolute 



























Parameter 
Emitter-Base Voltage 1.5 V 
Collector-Base Voltage 20 V 
Collector-Emitter Voltage 12 V 
Collector Current 150 mA 
Power Dissipation? 1000 mW 
Junction Temperature 200°C 
Storage Temperature‘ —65?C to 200°C 


Thermal Resistance?5: Өс = 145°C/W 


Notes: 


1. Operation of this device above any one of these parameters 
may cause permanent damage. 


2. ТСАЗЕ = 25°С. 


3. Derate at 6.9 mW/°C for ТС > 55°C. 

4. Storage above 150?C may tarnish the leads of this package 
making it difficult to solder into a circuit. After a device has 
been soldered into a circuit, it may be safely stored up to 200°C. 

9. The small spot size of this technique results in a higher, though 
more accurate determination of 0,- than do alternate methods. 
See MEASUREMENTS section Т hermal Resistance" for more 
information. 


OUTPUT POWER AND 1dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT 


VcE = 8 V, f = 2.0 GHz 


P4 dp. dBm 


G4 dB: dB 





Typical Performance, Ta = 25°C ü 


(unless otherwise noted) 


IS 21612 Gain, dB 


GA; dB 


INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


VcE=8 V 








. NOISE FIGURE AND ASSOCIATED GAIN 


vs. FREQUENCY 
VCEx8V,lc = 35 mA 


NF, dB 


Frequency, GHz 





Ta = 25°С, Vee = 8 V, Ic = 35 mA 








Freq 511 S21 S12 S22 
GHz Mag Ang dB Mag Ang dB Mag Ang ` Mag Ang 
0.1 .61 —119 30.6 33.90 119 —32.4 .024 52 .50 —69 
0.5 .62 —173 18.0 7.97 85 —26.0 050. 53 .20 -130 
1.0 .63 169 12.3 4.10 68 -21.4 .085 52 .18 —152 
1.5 .65 157 9.0 2.80 55 —19.0 .112 48 .18 —167 
2.0 .67 146 6.6 2.14 42 —17.1 .139 43 .20 —178 
2.5 .69 140 4.9 1.75 34 -15.7 .164 41 .23 176 
3.0 71 132 3.4 1.47 23 —14.9 .180 36 .25 «172. 
3.5 71 123 2.2 1.29 12 —13.9 .202 31 .28 169 
4.0 .71 115 1.2 1.15 2 —12.9 .226 25 29 168 
4.5 .70 104 0.4 1.05 -8 -12.2 .246 19 - 4390 * 165 
5.0 .71 93 -0.3 0.97 —19 —11.4 .270 _ 12 3O _ 158 
ТА = 25°C, Ус; = 8 V, lc = 60 mA 
0.1 60 —132 31.0 35.53 114 —35.4 .017 51 | .42 —78 
0.5 64 —176 18.1 8.00 84 -27.0 045 55 _ .20 | —137 
1.0 66 167 12.3 4.11 68 —22.2 .077 55 .18 —160 
1.5 67 155 9.0 2.80 54 —19.7 .104 51 .19 —172 
2.0 .68 144 6.5 2.12 41 —17.5 .133 46 .21 176 
2.5 .70 138 4.8 1.73 34 -16.1 .157 _ 45 .23 174 
3.0 71 130 | 3.3 1.46 23 —15.0 .178 40 .26 170 
3.5 72 122 2.1 1.27 13 —13.9 .203 33 .29 168 
4.0 71 114 | 1.1 1.13 2 —13.1 .221 . 28 „30 166 
4.5 .71 104 0.4 1.04 -8 —12.1 .249 21 .30 163 
5.0 .71 92 -0.3 0.95 -19 —11.4 .269 14 . 31 


A model for this device is available in the DEVICE MODELS section. | 
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156 


AT-01670 
HEWLETT m О 
PACKARD | |  Upto4 GHz General Purpose 


. Silicon Bipolar Transistor- 





O 





Features е ME Е | | 70 mil Package 
e 22.0 dBm typical Р: ав at 2.0 GHz — | | 
© 10.5 dB typical G1 ав at 2.0 GHz | 1 | [< 

EMITTER 


e High Gain-Bandwidth Product: 7.0 GHz typical fr | 4 
e Hermetic Gold-ceramic Microstrip Package | 4 






COLLECTOR T 
, 3 | БЕ 


_ Notes: 
(unless otherwise specified) 
1. Dimensions are mm 
2. Tolerances 
JEMmTER in -xxx= +.005 
mm .хх = t.13 


Description 


The AT-01670 is a high performance NPN silicon bipolar tran- 
sistor housed in a hermetic, high reliability package. This de- 
vice is designed for use in medium power, wide band amplifier 
applications operating over VHF, UHF and microwave frequen- 
cies. 


Excellent device uniformity, performance and reliability are pro- 
duced by the use of ion- implantation, self-alignment tech- 
niques, and gold metallization in шө ны of these 


devices. | | ; Е Шыл С mE mE 


` INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN 
VS. FREQUENCY 





МСЕ = 8 V, Ic = 35 mA 


Gain, dB 





0.1 0.3 0.5 1.0 3.0 5.0 
Frequency, GHz 


Electrical Specifications, TA = 25°С 


Parameters and Test Conditions Е | Units | Mi. | Тур. | Max. 


Insertion Power Gain: VCE = 8 V, IC = 35 mA 














Power Output @ 1 dB Gain Compression: 
-VCE = 8 V, Ic = 60 mA 
_ 1 dB Compressed Gain: VCE = 8 V, IC = 60 mA 
Optimum Noise Figure: МСЕ = 8 V, Ic = 35 mA 
Gain @ NFo: VcE=8 V, Іс = 35 mA ` 
Gain Bandwidth Product: VCE= 8 V, Ic = 35 mA 
Forward Current Transfer Ratio: VCE = 8 V, ІС = 35 mA 
Collector Cutoff Current: VCB = 8 V 

Emitter Cutoff Current: VEB = 1 V 
Collector Base Capacitance': VCB = 8 V, f = 1 MHz 
Note: 1. For this test, the emitter is grounded. | 







f = 2.0 GHz 
f 2 2.0 GHz 
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AT-01670 
General Purpose Silicon Bipolar Transistor 


Absolute Maximum Ratin Js E | 








Absolute 
Maximum! 











Typical Performance, TA = 25°С 


Emitter-Base Voltage 1.5 V 
. Collector-Base Voltage | 20 V. m z 
Collector-Emitter Voltage 12 V INSERTION POWER GAIN 
Coico Cran бА vs. COLLECTOR — AND FREQUENCY 
СЕ = 
Power Dissipation? 1000 mw | 
Junction Temperature _ 200°C 
Storage Temperature —65°С to 200°C 





Notes: 


1. Operation of this device above any one of these parameters 
may Cause permanent damage. 


2. TCASE = 25°C. 


3. Derate at 8.3 mW/*C for Tc > 80°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section “Thermal Resistance" for more 
information. О 


OUTPUT POWER AND 1 dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT 


VcE = 8 V, f = 2.0 GHz 
















NOISE FIGURE AND ASSOCIATED GAIN 
| vs. FREQUENCY | 


VCE = 8 V, lc = 35 mA 














E 
Ф 
à 
d © 
< 
Оо 
° - 
Š š 
б 
0.5 1.0 . 2.0 3.0 40 
. Frequency, GHz | 
Typical Scattering Parameters: Common Emitter, Zo = 500 _ Ta = 25°C, Усе = 8 V, с = 35 mA 
Freq 511 $21 | $12 | $22 | 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .68 —129 31.1 36.01 122 -35.4 017 47 .56 -71 
0.5 77 -173 18.7 8.63 88 -30.4 .030 42 = .25 —133 
1.0 .76 175 12.9 4.41 75 —26.8 .046 55 .22 —148 
1.5 .76 167 9.6 3.02 64 —24.2 .062 54 .22 -153 
2.0 76 160 7.2 2.30 54 —22.0 .079 55 .22 -154 
2.5 76 157 5.5 1.88 49 -20.2 „098 58 | .23 —156 
3.0 77 152 4.0 1.59 40 —19.1 .111 55 .25 —157 
3.5 77 147 2.9 1.39 31 —17.9 .128 _ 50 _.27 —159 
4.0 75 2141 19 1.24 22 -16.8 .144 _ 49 _.29 —160 
4.5 74 135 1.1 1.13 13 —15.6 .166 44 431 —162 
5.0 73 126 0.4 1.04. 4 —14.8 .182 39 .32 —165 
ТА = 25°С, Мсе = 8 V, lc = 60 mA 
0.1 70 -143 31.6 38.01. 116 —35.4 .017 40 .48 . —81 
0.5 77 —177 18.7 8.56 87 —31.4 .027 49 .24 -141 
1.0 77 173 12.8 4.36 74 —27.2 .043 59 .22 —152 
1.5 77 166 9.5 2.98 64 —23.8 .064 58 22. —155 
2.0 77 159 7.1 2.27 53 —21.8 .082 . 59 _.22 -157 
2.5 76 “156: 5.4 1.85 48 -20.2 097 61 23 -158 
3.0 77 _ 152. 3.9 1.56 39 -19.2 110: 57 .25 —159 
35 ` 77 146 2.7 1.37 31 —17.7 431 54 27 -160 
4.0 76 141 1.7 1.22 21 -16.6 .148 51 .29 -161 
4.5 75 134 0.9 1.11 13 —15.4 169 ` 45 31 —162 
5.0 73 126 0.2 1.02 3 —14.6 .186 . 41 .31 —166 


A model for this device is available in the DEVICE MODELS section. | 
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AT-01672 ` mE 
Ú) PACKARD EM" . Up to 1 GHz General Purpose 


Silicon Bipolar Transistor 

















Features _ Е | Е | TO-72 Package 
ө 24.0 dBm {урїса! Рчав аі 1.0 GHz - Е | i 
е 5.5 dB typical Сл ав at 1.0 GHz ` | —— AE. pem 

P d ee E 


e High Gain-Bandwidth Product: 5.5 GHz typical fr 
e Hermetic, Metal Package и 


Description 


The AT-01672 is a high performance NPN silicon bipolar tran- 
sistor housed in a hermetic high reliability metal package. This 
device is designed for use in medium power amplifier applica- 
tions operating over VHF, UHF and microwave frequencies. 
Notes: 
(unless otherwise specified) 
1. Dimensions are n 


. 2. Tolerances 
in .xxx = %.005 
mm .хх = = .13 


Excellent device uniformity, performance and reliability are pro- 
duced by the use of ion-implantation, self-alignment tech- 
niques, and gold metallization in the fabrication of these 
devices. 


INSERTION POWER GAIN, MAXIMUM Е 
- GAIN AND MAXIMUM STABLE GAIN 
vs. FREQUENCY i 


|. VcE = 8 V, Ic = 35 mA 





Gain, dB 





Frequency, GHz ^^ I 


Electrical Specifications, TA = 25°C 
` Parameters and Test Conditions 


Insertion Power Gain: VCE - 8 V, с: = 35 тА 





‚ Power Output @ 1 dB Gain Compression: 
- VCE = 8 V, lc = 60 mA 


1 dB Compressed Gain: МСЕ = 8 V, с = 60 тА 
^ Optimum Noise Figure: VCE = 8 V, lc = 35 mA 





_ Gain @ МЕО: УСЕ = 8V, ІС = 35 тА ` 








Gain Bandwidth Product: VCE = 8 V, lC = 10 mA 
Forward Current Transfer Ratio: VCE = 8 V, IC = 35 mA 
Collector Cutoff Current VCB 28V ` 

Emitter Cutoff Current: VEB = 1 V 

Collector Base Capacitance’: VcB = 8 V, f = 1 MHz 





Note: 1. For this test, the emitter is grounded. 
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AT-01672 
General Purpose Silicon Bipolar Transistor 


Absolute Maximum Ratings 


ome [mer 


Emitter-Base Voltage 


















Absolute 
Maximum! 


1.5 V 












 Collector-Base Voltage 20V 
Collector-Emitter Voltage 12V 
Collector Current 150 mA 
Power Dissipation?? 1000 mW 
Junction Temperature 200°С 
Storage Temperature —65° to 200°С 


Thermal Resistance?*: Өјс = 190°C/W 


Notes: 

1. Operation of this device above any one of these parameters 
may use permanent damage. 

2. ТСАЗЕ = 25°C. 


3. Derate at 5.3 mW/°C for Tc > 10°C. 

4. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. Wu 


NOISE FIGURE AND ASSOCIATED GAIN 
vs. FREQUENCY 


VCE = 8V, lc = 35 mA 


GA, dB 


NF, dB 





Frequency, GHz 





Typical Performance, Ta = 25°C - 


(unless otherwise noted) 


IS 24g! ? Gain, dB 


Typical Scattering Parameters: Common Emitter, Zo = 50 Q 








Freq. S11 S21 $12 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 33 —81 26.7 21.73 114 —30.2 .031 72 .51 —36 
0.2 22 —112 21.8 12.28 98 —26.0 .050 | 75 .36 —36 
0.3 19 —134 18.7 8.61 92 —22.8 .072 74 .30 —37 
0.4 18 —148 16.4 6.58 83 —21.0 .090 72 .26 —34 
0.5 17 —159 14.6 5.35 79 —19.1 .111 70 .22 —33 
0.6 17 —171 13.1 4.51 77 —17.5 .133 71 .21 —38 
0.7 17 178 12.0 3.97 72 —16.2 .154 68 .19 —45 
0.8 18 171 11.1 3.61 68 —15.3 .172 66 .18 —53 
0.9 18 169 9.9 3.12 65 —14.3 .192 66 .20 —58 
1.0 19 164 9.2 2.89 61 —13.5 .212 63 .22 —60 
TA = 25°C, Ус = 8 V, lc = 60 mA 
0.1 30 —92 26.7 21.60 110 —30.4 .030 73 47 —35 
0.2 22 —125 21.5 11.92 96 —26.2 .049 76 _ „33 —35 
0.3 21 —145 18.4 8.29 90 —23.0 .070 75 .28 —34 
0.4 20 —159 16.1 6.35 82 —21.0 .089 72 .26 --31 
0.5 19 —169 14.2 5.16 77 —19.3 .109 70 .23 —31 
0.6 20 —178 12.8 4.34 76 —17.7 .131 72 .21 —37 
0.7 20 173 11.6 3.81 71 —16.4 .152 68 .19 —43 
0.8 .21 167 10.8 3.47 67 —15.4 .170 66 .19 —51 
0.9 . .21 165 9.5 2.99 64 —14.5 .189 67 .21 —58 
1.0 22 160 8.9 2.78 60 —13.6 .208 64 .23 —60 


А model for this device is available in the DEVICE MODELS section. 
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INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


VCE = 8V 


INSERTION POWER GAIN 
уз. COLLECTOR CURRENT AND COLLECTOR VOLTAGE 


f = 1.0 GHz 








ТА = 25°С, Vcg = 8 V, lc = 35 mA 


HEWLETT - |  . . AT-21400 | 
аат Ы | |. — ^" 20 GHz NPN Silicon Bipolar 


Oscillator Transistor 





© 





Features | | | Е m | ^ Chip Outline' 


Fundamental Oscillation to » 20 GHz 

Low Phase Noise Compared to GaAs FETs 
High S21 Gain: 9.5 dB Typical at 4 GHz - 
High MAG: 16.5 dB Typical at 4 GHz 


Description 


The AT-21400 is a very high performance NPN silicon bipolar 
transistor chip designed for use in low-phase noise narrow and 
wideband oscillator applications at fundamental frequencies to 
greater than 20 GHz. 


The AT-21400 oscillator transistor is fabricated using HP's 10 
GHz, |у, 40 GHz fmax TurboSAT silicon bipolar process which 
uses nitride self-alignment, thick planar-field oxide, subhalf- 
micrometer lithography, ion implantation, gold metallization | | | 
and nitride scratch protection to achieve excellent performance, | Зат 

uniformity and reliability. — | Typical Dimensions are in 





um 

mil 

The recommended mounting procedos is вой eutectic 201m 
die attach at 400°C. Assembly can be performed with either | Репо Fac тее еті 
wedge or ball bonding using 0.5 or 0.7 mil gold wire. See also 

“Chip Use” in the APPLICATIONS section. | 


МАХІМОМ STABLE GAIN, MAXIMUM AVAILABLE | : INSERTION POWER GAIN 















"M GAIN and INSERTION POWER GAIN vs. ahis ай | ú vs. COLLECTOR CURRENT 
2222 VcE= `8 V, ic = 14mA | f = 4 GHz, VCE = 8 V 
“--ГТПШІ- TIT 
25 
м | | 
9 МИ 
© 15 4 i 
s . 
$ "MXN | | 1 
L | TAN TS 
ТТ Г 
ОШ [ТЕЬ 
0 b. 
4 2 ; 20 50 





Frequency, GHz 


Electrical Specifications, Ta = 25°C 






Parameters and Test Conditions 123 






Maximum Available Gain: VcE = 8 V, ІС = 14 mA 
Insertion Power Gain: VCE = 8 V, Ic = 14 mA 
Gain Bandwidth Product: VCE = 8 V, Ic = 14 mA 
Forward Current Transfer Ratio: VCE- 8 V, lc = 14 mA 
Collector Cutoff Current: VCB = 8 V | 


Emitter Cutoff Current VEB=1V — | — 


_Collector Base Capacitance: VCB = 8 V f = 1 MHz 














Notes: 1. This chip contains З active transistors. The performance. specified applies only to the device whose base and emitter pads are indicated onthe chip outline. 
Performance and functionality of the other 2 transistors is not guaranteed. 
2. RF performance of the chip is determined by testing 10 devices per wafer assembled i in a common-emitter configuration on a standard chip carrier. 
3. The normal operating collector current range for this transistor is 10 to 15 mA. 
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AT-21400 


20 GHz NPN Silicon — Oscillator Transistor 


Absolute Maximum Ratin JS 



















Emitter-Base Voltage 1.5 V 
















Collector-Base Voltage 20V 
Collector-Emitter Voltage 10 V 
Collector Current | 28 mA 
Power Dissipation? 250 mW 
Junction Temperature 200°С 
Storage Temperature —65°C to 200°C 





Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 


2. Derate at 5.9 m W/°C for TMOUNTING SURFACE > 158°C. 
3. TMOUNTING SURFACE = 25°C. 


LINEAR EQUIVALENT CIRCUIT’ 
Vce = 8 V, Ic = 14 mA 


Part Number Ordering Information 


Part Number Devices Per Tray 


АТ-21400-ОР1 Еее 2 ed. 
АТ-21400-СР4 100 
АТ-21400-СР6 up to 300 





SPICE EQUIVALENT CIRCUIT‘ 





? COLL COLL 
RC | | RC 
CB| |CD1 | срг | соз CE CB CE 
BASE о ВАЗЕ "һа 4 Ç) 
LB RB1 RB2 RB3 R C LB RBI RB2 RB3 “ 
el | 
RB1=0.6ohms СВ = 0.010 pF ВЕ QDIS: BR = 10 TR = 1E-09 RE 
RB2 - 2.20 CD1 = 0.015 XTB - 1.8 МВ =1.1 | ITF = 0.06 | 
RB3 = 1.90 CD2 = 0.035 IS = 0.65Е-15 VAR=10 CJE = 0.7E-12 
RC z 5.0 CD3 z 0.015 BF = 100 IKR = 0.4E-3 MJE = 0.33 
RE - 0.45 СЕ = 0.0100 МЕ = 1.011 ISC = 0.5Е-14 01, D2, D3: 
ВО = 1429 C - 0.998 LE VAF - 20 NC = 1.5 ` CJO1 = 0.042E-12 LE 
В = 1.92 IKF = 0.027 РТЕ = 35 _ CJO2 = 0.099Е-12 
LB = 0.25 nH аа ISE23E-13 — XTF-4 СЈО03 =0.042Е-12 9 EMITTER 
LE = 0.10 NE - 2.0 ТЕ = 12Е-12 15 =0, VJ = 0.73 
TOUCHSTONE™ CCCS: М-.99, A=0 | 
R1=R, Н2-1Е8, Fz22.7, Т-7.4 
Modeled Scattering Parameters, Common Emitter ° ТА = 25°C, Vcz = 8 V, lc = 14 mA 
Freq б — S21 So  PGÓ 24452 02 
GHz Mag Ang dB Mag Ang dB Mag Апд Mag Ang 
2 67 —168 15.8 6.19 90 -34.0 02 52 .65. -9 
3 67 —180 12.4 4.17 81 -32.0 025 59 ‚65 -10 
4 67 172 10.0 3.15 74 -30.5 03 64 (65 -11 
5 68 165 8.1 2.53 68 -28.0 04 68 (65 -12 
6 68 160 6.5 2.12 62 -28.0 04 70 (65 -14 
7 69 154 5,2 1.82 56 -26.0 05 72 65 -16 
8 70 149 4.1 1.60 51 -24.4 06 73 65. -18 
9 70 144 3.1 1.43 46. ~24.4 .06 74 65 -20 
10 71 140 2.2 1.29 41 -23.1 07 74 (65 -22 
11 72 135 1.4 1.18 36 -21.9 08 74 .65 -24 
12 73 131 0.7 1.08 31 -21.9 08. 75 .— .66 —26 
13 74 127 0 1.00 27 _ -20.9 .09 75 .66 -28 
14 75 123 -0.6 0.93 23 -20.0 .10 75 ‚66 . -80 
15 76 120 -1.3 0.86 18 -19.2 11 74 67 -32 
16 77 116 -1.9 0.80 14 -19.2 41 74 .67 -34 
18 79 109 GI 0.70 7 (2-477 13 74 .68 ~39 
20 80 103 -4.2 0.62 -1 17.1 14 73 . .69 —44 
22 82 97 —5.4 0.54 Sr ~15.9 16 72 70 _—48 
24 .84 92 —6.6 0.47 —14 -14.9 18 71 71 -53 
26 .85 87 -8.0 0.40 -20 ` -14.0 ` 20 _70 .72 —58 


Notes: 4. These equivalent circuits are provided only as 1st-order design aids. Their accuracy for critical designs at very high frequencies has not been validated. 
5. S-Parameters are from linear equivalent circuit. Below 10 GHz, they have been fit to measurements of Hie on a standard carrier with 1 bond wire to the base 


and 4 bond wires to the emitter. 
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HEWLETT AT-41400 








Kip PACKARD Up to 6 GHz Low Noise 
Silicon Bipolar Transistor 
Chip 
Features Chip Outline 
e Low Noise Figure: 1.6 dB typical at 2.0 GHz 30 um 


3.0 dB typical at 4.0 GHz 


e High Associated Gain: 14.5 dB typical at 2.0 GHz 
10.5 dB typical at 4.0 GHz 


e High Gain-Bandwidth Product: 9.0 GHz typical fr 



















Base Pad 
Description 


The AT-41400 is a high performance NPN silicon bipolar tran- 
sistor chip designed for use low noise, wide band amplifier and 
oscillator applications operating over VHF, UHF and micro- 90 um 
wave frequencies. 3.54 mil 


The die are nitride-passivated for surface protection. Excellent 
device uniformity, performance and reliability are produced by 
the use of ion-implanation, self-alignment techniques, and gold 
metallization in the fabrication of these devices. Emitter Pad 


The recommended assembly procedure is gold-eutectic die at- 
tach at 400°С and either wedge or ball bonding using 0.7 mil 
gold wire. See also "Chip Use" in the APPLICATIONS section. 


. | 305 um | 
NOISE FIGURE AND ASSOCIATED GAIN 12 mil | 


vs. FREQUENCY 
VCE = 8 V, lc = 10 mA 


Noise Parameters: Vce = 8 V, lc = 10 mA 


Ga, dB 


NF, dB 





Frequency, GHz 


Electrical Specifications, TA = 25°С 


| Symbol | Parameters and Test Conditions' 


Optimum Noise Figure: VCE = 8 V, Ic = 10 mA 








Gain @ МЕО: ҮСЕ = 8 V, IC = 10 mA 


Insertion Power Gain: VCE = 8 V, [С = 25 mA 


NFO 
GA 





P1 dB Power Output @ 1 dB Gain Compression: 
ҮСЕ = 8 V, IC = 25 mA 
G1 dB 1 dB Compressed Gain: VCE = 8 V, Ic = 25 mA 


Gain Bandwidth Product: VCE = 8 V, IC = 25 mA Lx reo b 5 _ 


Forward Current Transfer Ratio: VCE = 8 V, ІС = 10 mA 
Collector Cutoff Current: VCB = 8 V 

Emitter Cutoff Current: VEB = 1 V 

Collector Base Сарасйапсе?: VCB = 8 V, f = 1 MHz 


Notes: 1. RF performance is determined by packaging and testing 10 devices per wafer. 
2. For this test, the emitter is grounded. 
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AT-41400 
Low Noise Silicon ы, ПИ. 


Absolute Maximum Ratinc IS. 


Absplute - 
ИЕ 


Emitter-Base Voltage 1.5 V 













Part Number Ordering Information 


| Part Number Devices Per Tray 





























Collector-Emitter Voltage 12 V AT-41400-GP4 100 
Collector Current 60 mA AT-41400-GP6 up to 300 

Power Dissipation?3 500 mW bo - : 
Junction Temperature 200°С 





_ Storage Temperature ` - —65?C to 200°C 
йы | Typical Performance, fio 25°С 


1. Operation of this device above any one of these parameters | (unless otherwise noted) 
may cause permanent damage. 


2. TMOUNTING SURFACE z 25?C. 


3. Derate at 10.5 mW/°C for TMOUNTING SURFACE > 153°C. 


4.. Thé small spot size of this technique results in a higher, though 
_ more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" ion more 


— 
А! | OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN Е | ОРТІМОМ NOISE FIGURE AND ASSOCIATED GAIN | 
_ - vg. COLLECTOR CURRENT AND COLLECTOR VOLTAGE ` vs. COLLECTOR CURRENT AND: FREQUENCY 
f = 2.0 GHz | m |  WcEsBV 


GA, dB 
GA, dB 


NFo, dB 
| NFo, dB 





: OUTPUT POWER AND 1 dB COMPRESSED | 
GAIN" vs. COLLECTOR CURRENT AND FHREQUENGY 





Үсе = 8V 
ОЕ 
m 
O 
m 
D 
2 
в. 
© 
б 
INSERTION POWER GAIN, MAXIMUM AVAILABLE — . INSERTION POWER GAIN 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY — T уз. COLLECTOR CURRENT AND FREQUENCY | 
VcE-8V,Ic-25mA ` EM УСЕ = 8 V 


Gain, dB 
IS 24E! 2 Gain, dB 





01 ` 03 05 ^10 3.0 6.0 
_  — Frequency, GHz MM 
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Typical Scattering Parameters: Common Emitter, Zo = 50 О 





AT-41400 


Low Noise Silicon Bipolar Transistor 


TA = 25°C, Vee = 8 V, іс = 10 mA 








Freq. $11 521 $12 $22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 13 -39 28.3 25.84 159 —39.2 .011 75 .94 —12 

‚ 0.5. ...60 ` ..-121 22.2... . 1291. ... +118 | —30.2 031. . 48. „61... —28 
1.0 ‚57 —156 17.2 7.27 94 —28.0 .040 51 .50 —25 
1.5 .56 (07172 13.7 4.84 84 —26.4 .048 59 47 —25 — 
2.0 .57 176 11.4 3.71 77 —24.9 .057 66 .46 —24 
2.5 57 170 9.5 2.97 | 71 —23.6 066. . 69 . .46 —26 
3.0 .60 164 - 8.0 2.52 64 —22.3 077 | 72. .45 —28 
3.5 .60 157 6.8 _ 2.18 61 —20.9 ` .090 77. 47 —29 
4.0 .61 152 5.5 1.89 55 —20.1 .099 ` 79. 2.47 -30 
4.5 .63 147 4.7 1.72 51 -18.7 1116 81 47 —36 
5.0 .63 144 3.7 1.53 46 —17.8 .129 80 .48 —40 
5.5 .65 139 3.1 1.42 42 —17.0 .141 82 | . .49 2—44 
6.0 .66 136 _ 2.1 1.28 38 —16.1 .156 a3 ` .50 -47 

ТА = 25°С, Vcgz 8 V, [с = 25 mA 

0.1 .56 ^^ -60 31.8 39.07 152 —40.9 .009 69 87 ` -18 ` 
0.5 .54 —145 23.5 15.00 104 —32.8 .023 56 . .49 -28 _ 
1.0 .54 —170 18.1 8.03 90 —29.6 033 65 42 -23 ` 
1.5 .55 „. 179 14.5 5.30 82 —26.9 .045 | 72 .41 2—22 
2.0 56 | 170 12.1 4.04 76 —24.7 058. 75 41 —23 - 
2.5 56 165 10.2 3.24 72 —23.1 .070 . T8 - .40 -23 | 
3.0 .58 ‚ 159 8.8 2.75 65 —21.6 .083 79 40 -25 ` 
3.5 59 154 7.5 2.37 62 —20.4 .096 82 .41 -26 / 
4.0 60 149 6.3 2.06 57 —19.3 .108 83 .42 —28 
4.5 61 145 5.4 1.87 53 —18.1 .124 84 .42 —33 — 
5.0 .62 142 4.5 1.67 49 —17.3 1136 83 .43 —36 
5.5 .64 137 3.8 1.54 44 —16.5 .150 85 .42 —40 . 
6.0 .65 134 2.9 1.40 41 —15.7 .165 84 .44 —45 

















—————————————————nÁ———n——!/Aap—————————————— JÁ—— —————Àn————————————————— —————sÁ—————— T /————————————————X—X ————————nsmoY 


A.model for this device is available in the DEVICE MODELS section. 
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HEWLETT |. м АТ-41400 — 
PACKARD | | ... Upto 6 GHz Low Noise 


Silicon Bipolar Transistor - 





c 





Features _ _ 100mil Package | 


° Low Noise Figure: 1.6 dB typical at 2.0 GHz 
| 3.0 dB typical at 4.0 GHz 


е High Associated Gain: 14.0 dB typical at 2.0 GHz 
10.0 dB typical at 4.0 GHz 


High Gain-Bandwidth Product: 8.0 GHz typical fr 
e. Hermetic, Gold-ceramic Microstrip Package 


Description 


The AT-41410 is a high performance NPN silicon bipolar tran- 
sistor housed in a hermetic, high reliability package. This de- 





_ Notes: 
EMITTER (unless otherwise ified) 





vice is designed for use in low noise, wide band amplifier and 2 РЕ қағаз М. 

oscillator applications operating over VHF, UHF and micro- | са volerancoM ` 

wave frequencies. | in .xxx = 1.005 
тт хх = 3.13 

Excellent device uniformity, —Ü" and reliability are pro- .004 +.002 100 

duced by the use of lon-implantation, self-alignment tech- | 102.05 Á 2.54 


niques, and gold metallization in the fabrication of these i ~ 


| жж 14 
NOISE FIGURE AND ASSOCIATED GAIN 12.57 + Outline 10A 
уз. FREQUENCY 


VCE = 8 V, ic = 10 mA 


devices. 


Noise Parameters: Усе = 8 V, lc = 10 mA 


Freq. | NFo | Gamma Opt 
GHz dB Mag Ang 








GA, dB 


NF, dB 





Electrical Specifications, TA = 25°С 


rrr ВЫ, 


Optimum Noise Figure: VCE = 8 V, Ic = 10 mA 


GA Gain @ NFo: VCE = 8 V, ІС = 10 тА 








Power Output Q 1 dB Gain Compression: 
VCE = 8 V, ІС = 25 mA 
1 dB Compressed Gain: VCE = 8 V, Ic = 25 mA 





f 
f 
f 
f 
f 
f 
Insertion Power Gain: VCE = 8 V, Ic = 25 mA f 
f 
f 
f 
f 
f 






Gain Bandwidth Product: VCE = 8 V, IC - 25 mA | ен | | в | о 


Forward Current Transfer Ratio: VCE = 8 V, IC = 10 mA 
Collector Cutoff Current: VCB = 8 V 

Emitter Cutoff Current: VEB = 1 V 

Collector Base Capacitance’: VCB = 8 V, f = 1 MHz 
Note: 1. For this test, the emitter is grounded. 
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Absolute Maximum Ratings - 


Sm | Қайтып 


Emitter-Base Voltage 1.5 V 










































Collector-Base Voltage 20 V 
Collector-Emitter Voltage 12 V 
Collector Current 60 mA 
Power Dissipation?? 500 mW 
Junction Temperature 200°С 





_6 





5°to 200°C 


1. Operation of this device above any one of these parameters 
may cause permanent damage. 


2. TCASE = 25°C. 


3. Derate at 5.9 mW/°C for Tc > 115°C. 

4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. ü 


OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND COLLECTOR VOLTAGE 





f = 2.0 GHz 
tQ 
© 
« 
9 
INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN 
vs. FREQUENCY 
УСЕ = 8 V, © = 25 mA 
m 
ч 
Е 
© 
o 





Frequency, GHz 


NFo, dB 
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P4 dB: dBm 


G1 ав, dB 


GA, dB 


AT-41410 
Low Noise Silicon Bipolar Transistor 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


OUTPUT POWER AND 1 dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


УСЕ = 8 V 





OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY . 


с МСЕс8У 


NFo, dB 





INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


VCE = 8 V 








AT-41410 | | 
Low Noise Silicon Bipolar Transistor 


A model for this device is available in the DEVICE MODELS section. 
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Typical Scattering Parameters: Common Emitter, Zo = 500 ТА = 25°С, Vcg = 8 V, lc = 10 mA 

Freq. S1 7 ^ 62 X Si _ $22 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .61 —40 27.7 24.38 159 -40.0 010 75 94 -13 
0.5 60 -127 22.2 12.83 110 —30.4 .030 40 _.62 . -83 
1.0 60 -163 17.1. 7.12 86 -28.2 ‚039 35 50. —38 
1.5 .60 179 13.8 4.89 71 —27.5 .042 45 .46 -42 
2.0 61 165 11.4 3.72 59 -26.0 ‚050 42 45 -48 
2,5 61 157 9.7 3.04 52 -247 2058 46 44 о -52. 
3.0 .62 149. 8.2 2,56 42 -23.9 064 50 44 2-58 
3.5 ` .63 140 7.0 2.23. 31 -22.3 07. 48 46 —68 
4.0 .62 130. 5.9 1.96 20 -21.3 .086 44. (48. -78 
4.5 61 120 4.9 1.76 10. -20.4 ° .095 41: .50 -85 
5.0 61 106 _ 4.0. 1.59 -1 -189  .113 38 52 -91 
5.5 62. 94 3.2 1.45 -11 -18.3 121 33 52 -97 
6.0 66 82 2.4 1.31 -22 -17.5 433 30 БЕСІН -105 

ТА = 25°С, Vcg = 8 V, Ic = 25 mA 

0.1 45 -69 31.4 37.17 150: —39.2 011 64 .87 2-18 
0.5 58 -153 23.3 14.63 101 —33.6 021 .. 43 .49 -33 
1.0 59 -178 17.7 7.68 81 -30.4 030... = .53 43 _ -З5 
1.5 .60 169 14.3 5.21 68 -28.2 039  . . 58 A1 —40 
2.0 .60 157 11.9 3.94 56 -25.8 051 55 A1 -45 
2.5 61 151 10.1 3.20 50 · 24.4 060 55 ` 40 -49 
3.0 62 144 8.6 2.70 40 —23.1 070 58 40 -56 
3.5 63 135 7.4 2.35 30 -21.9 080 54 42 -66 
4.0 62 126 6.3 2.07 19 -20.5 ,094 53 44 -76 
4.5 61 116 5.3 1.85 9 -19.3 108 45 46 —84 
5.0 61 103 4.5 1.67 -2 -18.5 119 41 49 -90 
5.5 63 91 3.6 1.52 -12 -17.6 131 34 49 -96 
6.0 .67 80 2.8 1.37 -22 -16.8 |  .144 29 47 -104 





ІЛЕ HEW m | 0, АТ-41411 007 
Су preme u |  — A Surface Mount Low Noise 
Silicon Bipolar Transistor 





Features Е | ZR | SOT-143 Plastic B 


е Low Noise Figure: 1.4 dB typical at 1.0 GHz . — Yr 
| | | | 


1.8 dB typical at.2.0 GHz 
e High Associated Gain: 18.0 dB typical at 1.0 GHz ` 
13.0 dB typical at 2.0 GHz 


e High Gain-Bandwidth Product: 7.0 GHz typical fr | 
e Low Cost Surface Mount Plastic Package n; | EMITTER 
° Tape-and-Reel Packaging Option Available’ 


COLLECTOR . | no 


1.40 (0.055) 2.65 (0.104 
1.20 (0.047) 2.10 (0.083 


Description 
The AT-41411 is a low cost NPN silicon bipolar transistor 


housed in the surface mount plastic SOT-143 package. This -- 09 (0. 
device is designed for use in low noise, wide band amplifier 1.02 (0.041) | 
and oscillator applications operating over УНЕ, UHF and mi- _ y 9.850.033) 

ee EE 


crowave frequencies. 





; ; ; b usco, 0.10 (0.004) 0.69 (0.027 
Excellent device uniformity, performance and reliability are 0.013 (0.0005) 0.45 (0.018) 


0.178 
(0.007) 
MIN. 


1.753 
` (0.069) 
^; МАХ. 


2.642 (0.104) 


produced by the use of ion-implantation, self-alignment 
techniques, and gold metallization in the fabrication of these 
devices. 0-20 | 


DIMENSIONS АНЕ ІМ MILLIMETERS (INCHES) 





NOISE FIGURE AND ASSOCIATED GAIN 


_ vs. FREQUENCY | | авар оли 
|... VCEz 8 V, lc = 10 mA | 


СА, dB 


ом a 
МРо, dB 









Frequency, GHz 


Electrical Specifications, TA = 25?C 


| Symbol _ Parameters and Test Conditions =. 


Optimum Noise Figure: VCE = 8 V, Ic = 10 mA 











Gain @ NFo: УСЕ = 8 V, IC = 10 mA 


Insertion Power Gain: VCE = 8 V, Ic = 20 тА 


Power Output @ 1 dB Gain Compression: ` 
МСЕ = 8 V, Ic = 20 mA 
1 dB Compressed Gain: ҮСЕ = 8 V, Ic = 20 mA 
Gain Bandwidth Product: VCE = 8 V, IC = 20 mA 






| f=2.0 GHz 



















hFE Forward Current Transfer Ratio: VCE = 8 V, Ic = 10 mA 300 
[СВО Collector Cutoff Current: VCB = 8 V 0.2 
IEBO Emitter Cutoff Current: VEB = 1 V 1.0 


Note: 1. Refer to PACKAGING Section of Data Book, "Tape-and-Reel Packaging for Semiconductor Devices." 
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AT-41411 
Low Noise Silicon sh tin ae 













Absolute Maximum Rating ° 


СТ Tin 


Emitter-Base Voltage 


. Collector-Base Voltage 
Collector-Emitter Voltage 
Collector Current 

Power Dissipation?? 
Junction Temperature 
Storage Tem 


Thermal Resistance?*: Өс = 550° C/W 


perature 





Notes: 


1. 


2. 
3. 


> 


G А: dB 


Operation of this device above any one of these parameters 
may cause permanent damage. 


TCASE = 25?C. 
Derate at 1.8 mW/°C for Tc >26°C. 


See MEASUREMENTS section “Thermal Resistance" for more 
information 


OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
уз. COLLECTOR CURRENT AND FREQUENCY 


VcE = 8 V, f = 2.0 GHz 


NFo, dB 








Part Number Ordering Information 


Part Number Devices Per Reel Reel Size 


AT-41411-TR1 
AT-41411-TR2 





7 
. 


For more information, see "Tape ала Reel Packaging 
for Semiconductor Devices", page 14-14. 


Typical Performance, ТА = 25°С 


(unless otherwise noted) _ 


INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


VcE=8V 


521Е!? Gain, dB 





INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 
|. . VcEs8V,lc = 20 mA 





аха 


Gain, ав 







C а E. 
Т ҮТ 
ОР 
киш БЕН ШЕШЕ 
ШЕН БЕН ЕНЕ 


Е 
аЬ 















5 
L l [Г Tit ООО ГК 
| 0.1 03 0.5 1.0 3.0 6.0 
Frequency, GHz 
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AT-41411 
Low Noise Silicon Bipolar Transistor 





Typical Scattering Parameters: Common Emitter, Zo = 50 О ТА = 25°С, Vee = 8 V, с = 10 mA 





0.5 46 -137 224 13.21 100 -320 02 56 57 o 


1.0 43 -175 167 6.85 80 -28.4 038 58 52 -29 
1.5 44 163 13.3 4.63 67 -26.4 048 61 51 32 
2.0 47 148 | 108 3.47 56 -24.2 062 61 50 0-3 
2.5 .50 140 | 9.0 2.82 50 7-29 071 60 47 _ -89 
3.0 53 432 7.5 2.36 40 | -20.7 . .092 61 | 46 -48 
3.5 55 122 6.1 2.02 30 -19.6 105 57 45 -60 
4.0 56 112 |. 48 1.74 19 -18.3 122 53 45 | -73 


A model for this device is available in the DEVICE MODELS section. 
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алан WLETT ` ca AT -41435 
LA PACKARD MM ME ... Upto 6 GHz Low Noise 


Silicon Bipolar Transistor 





Features | | | _ 35 micro-X Package 
° Low Noise Figure: 1.7 dB урса! at 2.0 GHz | 


3.0 dB typical at 4.0 GHz 


ә High Associated Gain: 14.0 dB typical at 2.0 GHz 
10.0 dB typical at 4.0 GHz 


e High Gain-Bandwidth Product: 8.0 GHz typical fr 
e Cost Effective Ceramic Microstrip Package 





Description 
The AT-41435 is a high performance NPN silicon bipolar tran- B 
sistor housed in a cost effective, microstrip package. This de- | 2| | EMITTER 
vice is designed for use in low noise, wide band amplifier and ` ü Notes: 
oscillator applications operating over VHF, ОНЕ and micro- ` 22 EL OE | ` (unless otherwise specified) 
wave frequencies. 5 1. Dimensions аге 1. 
Excellent device uniformity, performance and reliability аге :057 +.010 100 2. Tolerances 
produced by the use of ion-implantation, self-alignment tech- 1-45 = 25 2.54 in .xxx = =.005 
niques, and gold metallization in the fabrication of these | шыс 
devices. , —— К. 

NOISE FIGURE AND ASSOCIATED GAIN 922 ЖЫ ШР :455 %.030 — 

vs. FREQUENCY 1.54 + 76 
ҮСЕ = 8 V, Іс = 10 тА :006 +.002 


15 + 05 
Noise Parameters: Усе = 8 V, Ic = 


NF, dB 





Frequency, GHz 





Electrical Specifications, TA = 25°С 
ermo Parameters and Test Conditions COENEN Max. 
Optimum Noise Figure: VCE = 8 V, Ic = 10 mA 


GA Gain @ NFo: VCE = 8 V, Ic = 10 mA 


Insertion Power Gain: VCE = 8 V, IC = 25 mA 


Power Output @ 1 dB Gain Compression: 
VCE = 8 V, Ic = 25 mA 


1 dB Compressed Gain: VCE = 8 V, Ic = 25 mA 








Gain Bandwidth Product: VCE = 8 V, Ic = 25 mA 
Forward Current Transfer Ratio: VCE = 8 V, ІС = 10 mA 
Collector Cutoff Current: VCB = 8 V 

Emitter Cutoff Current: VEB = 1 V 

Collector Base Capacitance’: Усв = 8 V, f = 1 MHz 
Note: 1. For this test the emitter is grounded. 






AT-41435 
Low Noise Silicon Bipolar Transistor 


Absolute Maximum Ratings ^e | Typical Performance, Ta = 25°С 


_ Absolute (unless otherwise noted) m 
Maximum’ | wo 














Parameter 






























Emitter-Base Voltage 1.5 V 

Collector-Base Voltage 20 V 

Collector-Emitter Voltage 12 V | i . 
Collector Current 60 mA en 
Power Dissipation?? 500 mW VcES8V ` 

Junction Temperature 200°С 

Storage Temperature‘ 


-65%С to 200°C 


P4 dB: dBm 


Thermal Resistance?5: Өс = 200°/W 


Notes: : 
1. Operation of this device above any one of these parameters 
_ may cause permanent damage. 
2. ТСАЅЕ= 25°С. = ERR 
3. Derate at 5 mW/°C for Tc » 100?C. Ж 
4. Storage above +150°С тау tarnish the leads of this package 
making it difficult to solder into a circuit. After a device has 
been soldered into a circuit, it may be safely stored up to 200?C. 


5. The small spot size of this technique results in a higher, though 
more accurate determination of Ө, than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. Ps 


G1 ав, dB 





OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 


vs. COLLECTOR CURRENT AND COLLECTOR VOLTAGE vs. COLLECTOR CURRENT AND FREQUENCY 
f = 2.0 GHz Vece = 8 V 





СА, dB 





tn (D 
g © 
2 ч 
2 2 
INSERTION POWER GAIN, MAXIMUM AVAILABLE INSERTION POWER GAIN 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY vs. COLLECTOR CURRENT AND FREQUENCY 
УсЕ = 8 V, Ic = 25 mA УсЕ = 8 V 
40 
35 
и g 
p" š 
15 ш 
| єч 
10 Ф 
5 





Frequency, GHz 


-6-45 


AT-41435 


Low Noise Silicon Bipolar Transistor 


Typical Scattering Parameters: Common Emitter, Zo = 500 ТА = 25°C, Усе = 8 V, Ic = 10 mA 











Freq. S11 S21 TX $12 S22 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .80 —32 28.0 24.99 157 —39.2 .011 82 .93 —12 
0.5 .90 —110 21.8 12.30 108 —29.6 .033 52 .61 —28 
1.0 .40 —152 16.6 6.73 85 —26.2 .049 56 51 -30 
1.5 438 -176 13.3 4.63 71 —24.0 .063 59 .48 —32 
2.0 99 166 11.0 3.54 60 —21.9 .080 58 .46 —37 
2.5 41 156 9.3 2.91 53 -20.4 „095 61 44 -40 
3.0 .44 145 7.9 2.47 43 —18.8 .115 61 43 —48 
3.5 .46 137 6.7 2.15 33 —17.5 .133 58 .43 —58 
4.0 .46 127 56 ` 1.91 23 -16.0 .153 53 45 |. —68 
4.5 4 - 116 4.7 1.72 13 —15.0 .178 50 .46 -75 
5.0 49. 104 4.0 1.58 3 —13.9 .201 47 .48 2-82 
5.5 .52 91 3.3 1.45 —7 —13.0 .224 40 .47 —89 


43 


| | Ta = 25°C, Vce = 8 ү, lc = 25 mA 


0.1 63 50 31.8 39.08 146 40.0 010 83 84 -18 
0.5 39 -137 22.9 13.97: 99 -81.4 027 60 50 -26 
1.0 36 -171 17.2 7.28 80 -27.1 044 67 45. 26 
1.5 36 171 13.9 4.94 68 -23.5 067. 66 _.43 -30 
2.0 38 156 11.5 3.76 58 -21.6 083 63 41 -34 
2.5 40 149 9.8 3.08 52 -19.6 105 63. 39 -38 
3.0 43 140 8.3 2.61 43 -18.3 122 64 38 -47 
3.5 45 132 7.2 2.28 33 -16.8 144 59 39 -57 
4.0 46 122 6.1 2.02 23 -15.6 165. 55 40 67 
4.5 46 112 5.2 1.82 14 -14.6 185 50 42 -75 
5.0 47 101 4.4 1.66 4 -13.7 207 45 43 -81 
5.5 51 89 3.7 1.54 -5 -12.6 233 39 42 -89 
6.0 58 79 3.0 1.41 -15 -11.8 257 33 37 -101 


e e e . ° 


A model for this device is available in the DEVICE MODELS section. 
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1 HEWLETT | АТ-41470 ЕЕ 
D КЕСА "T |. Upto 6 GHz Low Nois 
| 2 | Silicon Bipolar Transistor 


Features E ИН 70 mil Package 
e Low Noise Figure: 1.6 dB typical at 2.0 GHz | .040 
| _ 3.0 dB typical at 4.0 GHz 


e High Associated Gain: 14.5 dB typical at 2.0 GHz 
EE ` 10.5 dB typical at 4.0 GHz 


e High Gain-Bandwidth Product: 8.0 GHz typical fr 
e Hermetic, Gold-ceramic Microstrip Package 


EMITTER 





Description 

The AT-41470 is a high performance NPN silicon bipolar tran- | | | 
sistor housed in a hermetic, high reliability package. This de- | (unless otherwise specified) 
vice is designed for use in low noise, wide band amplifier and | 1. Dimensions are г. 
oscillator applications operating over VHF, UHF and micro- | 2. Tolerances | 


EMITTER in Ххх- +.005. 
mm .xx = +.13 


№ 


wave frequencies. 


Excellent device uniformity, performance and reliability are 
produced by the use of ion-implantation, self-alignment tech- 
niques, and gold metallization in the fabrication of these 
devices. 


NOISE FIGURE AND ASSOCIATED GAIN 
vs. FREQUENCY 


Vee = 8 V, lc = 10 mA 


СА, dB 


NF, dB 





Frequency, GHz 


Electrical Specifications, TA = 25°С 


| Symbol | Parameters and Test Conditions 














NFO Optimum Noise Figure: VCE = 8 V, Ic = 10 mA 
GA Gain @ NFo: VCE = 8 V, ІС = 10 mA 
Қола Insertion Power Gain: VCE = 8 V, Ic = 25 mA 
P1 dB Power Output @ 1 dB Gain Compression: 
| МСЕ = 8 V, С = 25 mA | 
G1 dB `1 dB Compressed Gain: МСЕ = 8 V, IC = 25 mA 













Gain Bandwidth Product: VCE = 8 V, Ic = 25 mA 
Forward Current Transfer Ratio: VCE = 8 V, ІС = 10 mA 
Collector Cutoff Current: VCB = 8 V 

Emitter Cutoff Current: VEB - 1 V 

Collector Base Capacitance’: VCB = 8 V, f = 1 MHz 
Note: 1. Forthis test, the emitter is grounded. 
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AT-41470 
Low Noise Silicon Bipolar Transistor 


Absolute Maximum Ratin JS 













Absolute 
Parameter Maximum 














Emitter-Base Voltage 1.5 V 



























Collector-Base Voltage | 20V 
Collector-Emitter Voltage 12 V 
Collector Current | 60 mA 
Power Dissipation?? 500 mW 
Junction Temperature 200?C 
Storage Temperature —65?C to 200°C 


Thermal Resistance?^: Өс = 175°C/W 


Notes: 

1. Operation of this device above any one of these parameters 
may cause permanent damage. 

2. TCASE = 25°С. 

3. Derate at 5.7 mW/°C for Tc > 113°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND COLLECTOR VOLTAGE 





f = 2.0 GHz 

m 

ч 

< 
c 

INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 
УСЕ = 8 V, Іс = 25 mA 

m 
© 

c 
© 
5 





Frequency, GHz 


P4 ав, dBm 


NFo, dB 
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G1 ав» dB 


GA; dB 


IS 23612 Gain, dB | 


Typical Performance, Ta = 25°C | 


(unless otherwise noted) 


OUTPUT POWER AND 1 dB COMPRESSED GAIN 


уз. COLLECTOR CURRENT AND FREQUENCY 


VcE=8 V 





OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


` VcE=8 V 





INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


VcE=8 V 





_ NFọ, dB 


AT-41470 
Low Noise Silicon Bipolar Transistor 














Typical Scattering Parameters: Common Emitter, 20-500 ТА = 25°С, Vce = 8 V, Ic = 10 тА 

Freq. S11 S21 912 S22 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 79 -37 28.4 26.27 157 -39.2 011 57 94 -13 
05 2465 -120 22.3 13.05 110 -30.8 .. .029 40 62 -30. 
1.0 61 -155 17.1 7.17 88 -28.9 036 41 | 52 -32 
1.5 .60 -172 13.9 4.93 76 -27.5 042 46 50 -36 
2.0 60 176 11.5 3.75 65 -26.4 048 46 50 —40 
2.5 .61 169 9.7 3.06 59 -26.0 050 58 48 -41 
3.0 .62 161 8.3 2.59 51 -24.7 058 6 .49 -48 
3.5 61 154 7.0 2.24 42 -23.2 069 — 63 51 —56 
4.0 .60 146 | 5.9 1.97 32 -21.4 085 . 62 52 . -63 
4.5 .60 137 4.9 1.77 24 20.1 .099 59 55 69 
5.0 .60 127 4.1 1.61 15 —19.5 .106 59 57 -75 
5.5 61 115 3.4 1.47 6 _ -1833 121 _ 56 (58. —80 
6.0 64 104 2.6 1.34 -4 -17.4 135 53 57 -87 

TA = 25°C, Мсе = 8 V, lc = 25 mA 

0.1 .64 -62 32.5 42.11 147 -40.9 009 75 85 ` -19 
0.5 61 —146 23.7 15.31 100 -34.4 019 47 50 ` -30 
1.0 .61 -170 18.1 8.00 83 -30.2 031 53 44 -81 
1.5 .60 177 14.7 5.42 72 222 329.1 035 62 44 -34 
2.0 .61 167 12.3 4.10 6 —27.1 .044 60 44 -39 
2.5 61 163 10.4 3.32 58 -25.7 052 6 .43 —39 
3.0 .62 156 9.0 2.81 50 -23.6 066 / 67 .44 —46 
3.5 .62 150 7.7 2.44 41 -22.6 074 67 46. -55 
4.0 62 142 6.6 2.13 32 -21.7 .082 63 48 62 
4.5 61 134 5.6 1.91 24 —20.1 .099 62 .50 —68 
5.0 .60 123 4.8 1.73 15 —18.9 113 59 52 -73 
5.5 61 112 4.0 1.59 6 -18.1 124: 54 54 -78 
6.0 64 102 3.2 1.45 -3 ~17.3 136 50 53 -85 


A model for this device is available іп the DEVICE MODELS section. 
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| "E AT-41472 
m Е Ии Н Up to 1 GHz Low Noise | 


Silicon Bipolar Transistor 





[© 





Features | | | | | | _ TO-72 Package 


e Low Noise Figure: 1.3 dB typical at 0.5 ; GHz 
| 2.0 dB typical at 1.0 GHz | г y| 20 je 
е High Associated Gain: 14.0 dB typical at 05 GHz | | eel . 500 


10.0 dB typical at 1.0 GHz 
e High Gain-Bandwidth Product: 6.5 GHz ча fr 
e UN Metal Өй а | Т 





Description 018 
The AT-41472 is a high —" NPN silicon bipolar tran- | | DIA ` 
sistor housed in a hermetic, high reliability metal package. This ` | | i 

device is designed for use in low noise, wide band amplifier and | 
oscillator applications operating over VHF, UHF and micro- Notes: 


(unless otherwise specified) 


1. Dimensions are TUN 


2. Tolerances — 
in .xxx = %.005 
mm .xx = +.13 


wave frequencies. 


Excellent device uniformity, performance and reliability are ` 
produced by the use of ion- implantation, self-alignment tech- 
niques, and gold metallization in the fabrication of these 


| О 
devices. | 40042 | 040. | lo > ULM 
| / P .038 
.96 
NOISE FIGURE AND ASSOCIATED GAIN 


уз. FREQUENCY 





VCE = 8 V, lc = 10 mA 


NF, dB 





Frequency, GHz 


Electrical Specifications, Ta = 25°C 


| Symbol | Parameters and Test Conditions 


NFO 





Optimum Noise Figure: VCE = 8 V, Ic = 10 mA 













Gain @ NFo: ҮСЕ = 8 V, Ic = 10 mA 







Insertion Power Gain: VCE =8 V, IC 2 25 mA 










Power Output @ 1 dB Gain Compression: 
МСЕ = 8 V, Ic = 25 mA 


1 dB Compressed Gain: VCE = 8 V, ІС = 25 mA f = 1.0 GHz 


Gain Bandwidth Product: VCE = 8 V, Ic = 25 mA | GHz | | 65 — 
ША 
ША 














Forward Current Transfer Ratio: VCE = 8 V, Ic = 10 тА 
Collector Cutoff Current: VcB = 8 V 
Emitter Cutoff Current: VEB = 1 V 


Collector Base Capacitance': VcB = 8 V, f = 1 MHz 
Note: 1. For this test, the emitter is grounded. 
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AT-41472 
Low Noise Silicon Bipolar Transistor 


Absolute Maximum Ratings | К Typical Performance, Ta = 25°C 





































Absolute (unless otherwise noted) 
Emitter-Base Voltage | VEBO 1.5 V 
Collector-Base Voltage 20 V. | | US "M 
Collector-Emitter Voltage 12 V INSERTION POWER GAIN, MAXIMUM AVAILABLE 
E GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Collector Current 60 mA VCE = 8 V, Ic = 25 mA 
Power Dissipation?? 500 mW 
Junction Temperature 200°С 
Storage Temperature —65?C to 200°С 


Thermal Resistance?^: - Өјс = 260°C/W | 


Notes: 

1. Operation of this device above any one of these parameters 
may cause permanent damage. 

2. TCASE = 25°С. 


3. Derate at 3.8 mW/°C for Tc > 70°C. 
4. The small spot size of this technique results in a higher, though B Frequency, Griz 
more accurate determination of Ojc than do alternate methods. | 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


Gain, dB | 





OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN | ’. INSERTION POWER GAIN 


vs. COLLECTOR CURRENT AND COLLECTOR VOLTAGE " vs. COLLECTOR CURRENT AND FREQUENCY | 
VcE =8 V Үсе-8У 





IS 344p! ? Gain, dB 


МРо, dB 

















Typical Scattering Parameters: Common Emitter, Zo = 500 |. ТА = 25°С, Ус = 8 V, [с = 10 mA 

Freq. MEAT mE Sar S12 S22 

GHz Mag Ang а dB Mag ` Ang dB Mag Ang Mag Ang 
0.1 67 -24 25.1 18.00 144 -35.6 017 71 _ 489 2-42. 
0.2 "51: -37 22.3 12.98 122 |. —30.5 030 71 .78 -17 
0.3 41 -42 19.9 9.84 110 -28.5 0388 72 2? hl -18 
0.4 .34 -45 17.9 7.87 101 _ —264 048 . 71 — .67 —20 
0.5 .29 —48 16.4 6.60 |. 94 —24.5 .060 71 .65 —21 
0.6 .25 —49 15.0 5.64 87 —22.9 .072 71 .62 —24 
0.7 .22 —47 13.8 4.92 82 —21.7 .082 69 .61 —28 
0.8 21 -45 12.7 4.32 76 -21.1 .088 07. .61 -31 
0.9 .20 —45 11.6 3.81 © 70 —20.1 .099 64 61 _ -35 


1.0 .19 -45 10.8 ` 3.46 | 67. -19.8 .103 _ 64 .62 —38 









| | ТА = 25°C, \се = 8 V, lc = 25 mA 
0.1 58 -30 26.9 22.02 131 -85.4 017 _ 78 _ 78 -15 
02 40 -38 234 . 14.70 111 -80.8 029 80 68 -17 
0.3 32 -41 207 10:79 11-75 042 7 | 64 -18 
0.4 27 -37 184 8.26 92 _ -257 052 76 ^. 6 -17 
(05 24 -37 16.5 6.71 86 -23.9 - .064 73 2 57 _—18 
06 22 -38 15.3 5.82 85 -22.0 079 4056 -22 
0.7 ` 20 -86 142 5.45 79 -20.8 091. . 72 54 -26 
0.8 19 -85 13.2 4.56 76 -19.8 102 71 53 . -30 
0.9 19 -38 124 40 74 -18.8 115 _ 72 56 -33 
1.0 48 -37 11.4 3.71 69 . -18.2 123 69 56 -34 





A model for this device is available in the DEVICE MODELS section. 
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G 





H 


HEWLETT > .AT-4485 | 
PACKARD — EE Up to 6 GHz Low Noise 
i E к x ue Silicon Bipolar Transistor 





Features — ` К : | И | | _ 85 Plastic Раскаде 
e Low Noise Figure: 1.4 dB typical at 1.0 GHz | | 
idis 1.7 dB typical at 2.0 GHz IN 
4 







е High Associated Gain: 18.5 dB typical at 1.0 GHz "nasi EMITTER 
mE - . 13:5 dB typical at 2.0 GHz EE S X 
High Gain-Bandwidth Product: 8.0 GHz typical fr ` 











Low Cost Plastic Package — 
3 

Description ú Notes: E 
The AT-41485 is a high performance NPN silicon bipolar tran- T—— eee 
sistor housed in a low cost plastic package. This device is de- | P Қ... аге mm 
signed for use in low noise, wide band amplifier and oscillator мени CUL M 
applications operating over VHF, UHF and microwave frequen- x а E a z ^mm.xxs +.13° 
cies. | n 
Excellent device uniformity, performance and reliability are 200 910 


produced by the use of ion-implantation, self-alignment tech- 
niques, and gold metallization in the fabrication of these 
devices.  . | а” | 


NOISE FIGURE AND ASSOCIATED GAIN 
vs. FREQUENCY | | 


VCE = 8 V, ic = 10 mA 


NF, dB 





Frequency, GHz 


Electrical Specifications, TA = 25°С 
Parameters and Test Conditions 










Optimum Noise Figure: VCE = 8 V, Ic = 10 mA 





Gain € NFo: УСЕ = 8 У, ІС = 10 mA | 





Insertion Power Gain: ҮСЕ = 8 V, Ic = 25 mA 





Power Output @ 1 dB Gain Compression: 
МСЕ = 8 \, ІС = 25 ТА. 


1 dB Compressed Gain: VCE = 8 V, Ic = 25 mA 

_ Gain Bandwidth Product: VCE = 8 V, Ic = 25 mA 

Forward Current Transfer Ratio: VCE = 8 V, IC = 10 mA 
Collector Cutoff Current: VCB = 8 V 

‚ Emitter Cutoff Current: VEB = 1 V 

| Collector Base Capacitance’: VCB = 8 V, f = 1 MHz ` 

Note: 1. For this test the emitter is grounded. 






f = 2.0 GHz 
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AT-41485 
Low Noise Silicon Bipolar Transistor 


Absolute Maximum Ratings » | Typical Performance, Ta = 25°C 
(unless otherwise noted) 




















Parameter 


| Absolute 
Maximum 





Emitter-Base Voltage 



























1.5 V 
Collector-Base Voltage 20 V OUTPUT POWER AND 1 dB COMPRESSED GAIN 
Collector-Emitter Voltage 12 V vs. COLLECTOR CURRENT AND FREQUENCY 
VcE=8 V 
Collector Current 60 mA Е 
| . . . tn 
Power Dissipation?? 500 mW 9 
Junction Temperature 150°С 5 
Storage Temperature —65°С to 150°С ш 
Thermal Resistance?^: Өс = 155°C/W . 
| tn 
Notes: 2 
1. Operation of this device above any one of these parameters = 
may cause permanent damage. — - o 
2. TCASE = 25°С. 
3. Derate at 6.5. mW/°C for Tc > 73°C. 
4. See MEASUREMENTS section "Thermal Resistance" for more 
information. | 
OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND COLLECTOR VOLTAGE vs. COLLECTOR CURRENT AND FREQUENCY 
f = 2.0 GHz VcE=8 V 
tn 
° g 
< < 
o o 
tn tn 
© © 
© © 
ц. u. 
= = 
INSERTION POWER GAIN, MAXIMUM AVAILABLE INSERTION POWER GAIN 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY vs. COLLECTOR CURRENT AND FREQUENCY 
VcE = 8 V, Ic = 25 mA Усе = 8 У 


Gain, dB 





0.1 0.3 0.5 1.0 3. 
Frequency, GHz 





6-53 


AT-41485 
Low Noise Silicon Bipolar Transistor 














Typical Scattering Parameters: Common Emitter, Zo = 500 ТА = 25°C, Усе = 8 V, lc = 10 mA 
Freq. S11 S21 $12 $22 | 
GHz Mag Ang dB Mag Ang |. dB Mag Ang Mag Ап 

ЫмМ— м М9 Аю 
0. .74 —40 28.2 25.80 156 —35.6 .017 81 .93 -14 
0.5 61 -126 |. 21.9 12.46 108 -29,2 035 44 57 -31 
1.0 857-161 16.6 6.80 87 -27.9 040 38 46 -33 
1.5 57 —180 13.4 4.67 75 —25.7 .052 47 43: -34 
2.0 58 166 11.0 3.55 64 -24.5 060 54 41. -38 
2.5 .59 160 9.3 2.92 59 -23.3 068 58 40 -39 
3.0 61 150 7.7 2.42 50 -21.9 080 63 139 -46 
3.5 62 142 6.4 2.09 41 -20.8 091 61 41 | —54 
4.0 .62 134 5.3 1.84 32 —19.5 .106 59 42 -62 
4.5 (62 125 | 4.3 1.65 24 -18.4 120 2-57 43 -67 
5.0 63 115 3.5 1.50 15 -17.2 138 54 44 | -73 
55 ` ‚65 103 27 1.37 6 -16.1 ‚157 49 43 —78 


6.0 _ .69 92 1.8 1.24 — -15.3 .172 46 .40 —86 
ee 9 


ТА = 25°C, Усе = 8 V, lc = 25 mA 


0.1 .55 -68 32.0 40.01 146 —40.9 .009 57 .85 -19 
0.5 .58 -153 23.1 14.20 99 -32.7 023 52 47 —29 
1.0 .58 —177 17.4 7.39 82 —29.8 .032 63 41 —28 
1.5 .58 169 14.0 5.01 71 -27.3 043 60 39 -30 
2.0 60 158 11.6 3.78 61 —24.6 .059 64 .38 —36 
2.5 .60 153 9.8 3.09 58 —23.7 .065 71 .36 —39 
3.0 .63 147 8.1 2.55 48 —21.7 .082 68 .35 —47 
3.5 .64 140 6.9 2.21 39 -20.7 092 67 .37 —56 
4.0 .64 133 5.8 1.94 31 -19.4 .107 65 .39 —64 
4.5 .64 125 4.8 1.74 23 —18.1 .125 63 .40 —71 
5.0 .64 115 4.0 1.58 14 —17.1 .140 56 41 —78 
5.5 .66 105 3.2 1.45 5 -15.9 .160 50 .40 -82 


6.0 .70 94 2.4 1.32 -5 -15.1 .175 47 437 -91 
A model for this device is available іп the DEVICE MODELS section. | > | 
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O HEWLETT ош эе | ATA1486 uL 
"S PACKARD _ Up to 6 GHz Low Noise 


Silicon Bipolar Transistor 





Features | m 5 B | = 86 Plastic Package | 
° Low Noise Figure: 1.4 dB typical at 1.0 GHz | 

1.7 dB typical at 2.0 GHz | | €— — — 
e High Associated Сат:18.0 dB typical at 1.0 GHz | | s EMITTER 


13.0 dB typical at 2.0 GHz ` 

° High Gain-Bandwidth Product: 8.0 GHz typical fr 
e Surface Mount Plastic Package > E 
Tape-and-Reel Packaging Option Available' 






2.43 (0.107) 
1.96 (0.077) 


Description — 
The AT-41486 is a high performance NPN silicon bipolar tran- - 2.16 (0.085) c 


sistor housed in a low cost, surface mount plastic package. This 
device is designed for use in low noise, wide band amplifier and | m ius 
oscillator applications operating over VHF, UHF and micro- | | ul | 


wave frequencies. = ` 0.25 (0.010) 


NN m | | | — 4.77 (0.070). 0.15 (0.006) 
Excellent device uniformity, performance and reliability are pro- 121 (0050) d 
duced by the use of ion-implantation, self-alignment tech- E! 
niques, and gold metallization in the fabrication of these . © > 5% 
devices. ` Ж | | (0.026) 
NOISE ове AND ASSOCIATED GAIN | mE DIMENSIONS ARE IN MILLIMETERS (INCHES) 


'' vs. FREQUENCY ` | 
VCE = 8 V, іс = 10 mA | | 
Noise Parameters: Усе = 8 V, lc = 10 mA 


NFo | Gamma Opt 


СА, dB 


NF, dB 





Frequency, GHz 





Electrical Specifications, Ta = 25°С 


NFO 
GA 


IS21Ẹ12 








Parameters and Test Conditions 







Optimum Noise Figure: VCE = 8 V, IC = 10 mA 


Gain @ NFO: МСЕ = 8 V, ІС = 10 mA 





Insertion Power Gain: VCE = 8 V, Ic = 25 mA 


Power Output @ 1 dB Gain Compression: 



















PidB 
МСЕ = 8 V, ІС = 25 mA x Е 
G1 dB .. 4 dB Compressed Gain: МСЕ = 8 V, IC = 25 mA f = 2.0 GHz 
Gain Bandwidth Product: VCE = 8 V, Ic = 25 mA 


. Forward Current Transfer Ratio: VCE - 8 М, С =10 мА | 
Collector Cutoff Current: VcB=8V — - 

" Emitter Cutoff Current: МЕВ = 1V ` 

Collector Base Capacitance?: VCB = 8 V, f = 1 MHz 


Notes: 1. Refer to PACKAGING section "Tape-and-Reel Packaging for Semiconductor Devices." 
2. For this test, the emitter is grounded. 
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AT-41486 
Low Noise Silicon Bipolar Transistor 


Absolute Maximum Ratin Js 


Absolute 
Maximum’ 











































Parameter | Symbol 
Emitter-Base Voltage 1.5 V 
Collector-Base Voltage . 20 V . 
Collector-Emitter Voltage 12 V 
Collector Current | 60 mA 
Power Dissipation?? 500 mW 
Junction Temperature 150?C 






Storage Temperature 


Thermal Resistance?^: Өс = 165°C/W 

Notes: + 

1. Operation of this device above any one of these parameters 
may cause permanent damage. pO 

2. ТСАЅЕ = 25°С. 


З. Derate at 6 mW/C for Тс > 68°C. 
4 


See MEASUREMENTS section “Thermal Resistance" for more 
information. " 


| —65°С to 150°C 


OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND COLLECTOR VOLTAGE 


f = 2.0 GHz 


СА, dB 
e 





a ИНЕ 
0 30 


0 10 2 40 


- N © A 





Ic, mA 


МРо, dB 


Part Number Ordering Information 










AT-41486-TR1 1000. | 7” 
AT-41486-TR2 4000 13" ` 





For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


VcE=8 V 


СА, dB 


NFo, dB 





OUTPUT POWER AND 1 dB COMPRESSED 
GAIN vs. COLLECTOR CURRENT 


VcE = 8 V, f = 2.0 GHz 


P4 dp. dBm 


G4 ав, dB 


INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 


VCE = 8 V, Іс = 25 mA 











" Т Г 
е ipsa инш 
m 25 == es 
° “ыы _ 
š = LIONS 
22215 E < 
10 
| ГЕРА 
| Ё LD 
0.1 03 05 10 30 6.0 


. Frequency, GHz 
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INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


УСЕ = 8 V 


IS 24Ẹ1 Gain, dB 





AT-41486 
Low Noise Silicon Bipolar Transistor 


















Typical Scattering Parameters: Common Emitter, Zo = 50 Q ТА = 25°С, Ус = 8 V, lc = 10 mA 
Freq. S11 S21 S12 S22 

GHz Mag Ang dB “Mag Ang |» dB Ма Апо Mag Ang 
0.1 74 -38 28.1 25.46 | 157 -39.6 . 011. 68 | 94 |  -12 
0.5 59 -127 22.0 12.63 107 > -30.2 20315 4 60 ° ` -29 
1.0 .56 —168 16.8 6.92 84 -27.7 041 46 | | .49 -29 
1.5 57 169 13.5 4.72 69 -26.2 049 4 45:. -32 
2.0 62 152 11.1 3.61 56 -24.8 058 43 42 -39 
2.5 63 142 9.3 2.91 47 -23.4 068 52 40 -42 
3.0 64 130 7.6 2.41 37 -22.2 078 52 — 39 50 
3.5 .68 122 6.3 2.06 26 —20.6 03 51 Дә 37 | -60 
4.0 71 113 5.1 1.80 16 —19.5 106 — 48 35 ^ -70 
4.5 74 105 4.0 1.59 7 -18.0 125 48 135 -84 
5.0 77 99 3.1 1.42 -4 -17.2 139 43 .35 -98 
5.5 79 9 2.0 1.27 -13 -16.3 1153 38 135 -114 
6.0 81 87 _ 1.1 1.13 —22 —15.4 .170 34 .35 —131 


mE TA = 25°С, Мсе = 8 V, Ic = 25 mA 
.50 -75 32.0 40.01 142 -41.3 .009 54 ‚85 —17 


0.1 

0.5 .55 —158 23.2 14.38 97 —34.1 .020 48 .51 —24 
1.0 .57 177 17.5 7.50 78 —29.9 .032 61 46 —24 
1.5 .57 161 14.1 5.07 65 —27.3 .043 62 44 —28 
2.0 .59 148 11.5 3.75 53 —24.8 .058 59 43 -35 
2.5 .61 139 9.6 3.02 45 —22.9 .072 58 40 —41 
3.0 .65 128 8.0 2.52 34 —21.6 .083 57 ,38 -49 
3.5 10 1231 67 2.17 24. _. 201 .099 56 36 -59 
4.0 .74 113 5.7 1.92 140 | | —18.8 .115 52 394 | -72 
4.5 .78 107 4.7 1.72 3 | -17.6 .132 4 ,32 | -87 
5.0 .78 102 3.7 1.53 -8 | —16.6 .149 _ 42 .31 -106 
5.5 78 96 2.7 1.36 . -19 -15.4 .169 _ 36 _ „31 ‚ -125 





6.0 .76 91 1.6 1.21 _ —29 -14.5 .188 3 .33 -144 
A model for this device is available іп the DEVICE MODELS section. | | m RUM. 
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DU PACKAR D 





Low Cost General Purpose 


Transistors 


Technical Data 


Features 

* Low Noise Figure 
1.4 dB Typical at 1 GHz 
1.7 dB Typical at 2 GHz 

° High Associated Gain 
17.0 dB Typical at 1 GHz 
12.5 dB Typical at 2 GHz 

* Low Cost Surface Mount 
Packages 

е Tape and Reel Option 
Available 


Description 

The AT-41511 and AT-41586 
are low cost NPN silicon bipolar 
transistors housed in surface 
mount plastic packages. These 
devices are designed for use in 
low noise, wide band amplifier 
and oscillator applications 
operating over VHF, UHF and 
microwave frequencies. 


Excellent device uniformity, 
performance and reliability are 
produced by the use of ion- 
implantation, self-alignment 
techniques, and gold metalliza- 
tion in the fabrication of these 
devices. 
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AT-41511 
AT-41586 





AT-41511 


EMITTER 





COLLECTOR 
EMITTER 
| 


Outline 143 


AT-41586 


EMITTER 


BASE COLLECTOR 





EMITTER 


Outline 86 


Electrical Specifications, TA = 25°С 
Усе = 8 V 


Symbol| Parameters and Test Conditions i 


NF, Optimum Noise Figure: f= 1.0 GHz 
Іс = 10 mA f = 2.0 GHz 
| f = 4.0 GHz 


f= 1.0 GHz 
fz 2.0 GHz 
f= 4.0 GHz - 


Insertion Power Gain: f= 1.0 GHz 
ІС - 25 mA fz 2.0 GHz 


Power Output 1dB Gain f= 2.0 GHz 
Compression: Іс = 25 mA | 


AT 


| | 

AN 
- 
Q 
Qo 
©» 


Ё 
2% 
š 






әнін 
ON Ф 












Q2 


Gain @ NF,: Iç = 10 mA 
















Рав 


Ба | ка 
OO; > 
| BIE 


Став 1 dB Compressed Gain: f = 2.0 GHz 
Ic = 25 тА 


Е < feo) | so 


" 
Іс-10тА | 
Note: 


1. For more information on outlines 143 and 86, refer to "Tape and Reel Packaging for Surface Mount Devices." 


кеі 
“sg, 
сл 
кі 
Go 
© 


КІН 


ВЕ 
ШЕ 


Absolute Maximum Ratings!!! 


Symbol 


око Collector-Emitter 
Voltage 
Collector Current | mA | so | 6 — 
ПР, [Power Dissipation?! | mW | 225 | 500 — 
T; Junction °C 150 _ 150 
Temperature 
Storage Temperature -65 to 150 | -65 to 150 
Thermal Resistance!! | °C/W | Ө, = 550 | Ө. = 165 
Notes: 


1. Operation of this device above any one of these parameters may cause permanent damage. 
2. TCASE атэ 25°С. 
3. See MEASUREMENTS section, "Thermal Resistance", for more information. 
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GA (dB) 


15 „112 GAIN (dB) 


GAIN (dB) 


Typical Parameters 





FREQUENCY (GHz) 


Figure 1. AT-41511 and AT-41586 
Noise Figure and Associated Gain 
vs. Frequency at Усе = 8 V, 

Ic = 10 mA. 





Ic (mA) 


Figure 4. AT-41511 Insertion Power 


Gain vs. Collector Current and 
Frequency at 25°C, Усе = 8 V. 










~ | — 






zd 
а. 
о 


lo \ 
15 

| 

| 






10 20 30 40 
COLLECTOR CURRENT 


Figure 7. AT-41586 Рав апа Сав vs. 


Collector Current, at f = 2.0 GHz. 


МЕС (dB) 





GAIN (dB) 


Ic (mA) 


Figure 2. AT-41511 and AT-41586 
Optimum Noise Figure and 
Associated Gain vs. Collector 
Current at Vcg = 8 V, f = 2.0 GHz. 





Ic (mA) 


Figure 5. АТ-4151 1 Рав апа Сав vs. 
Collector Current, at f = 2.0 GHz. 










ба 
= 
"E. N 
u 10 ”_ 
| ШЕ 
o 
5 | 
a 
0 
0 5 10 25 30 40 


lc (mA) 


Figure 8. AT-41586 Insertion Power 
Gain vs. Collector Current and 
Frequency at 25°C, Vcg 8 V. 
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GAIN (dB) 


NFo (dB) 


GAIN (dB) 





FREQUENCY (GHz) 


Figure 3. AT-41511 Insertion Power 
Gain, Maximum Available Gain and 
Maximum Stable Gain vs. Fre- 
quency at Vcg = 8 V, Io = 25 mA. 





TN yy 
u I МЗ 
JI NY 
L Lib [IM 

M 0 ul 


0.1 | MEE ER 6.0 ` 
FREQUENCY (GHz) 


Figure 6. AT-41586 Insertion Power 
Gain, imum Available Gain and 
Maximum Stable Gain vs. | 

Frequency at Vcg = 8 V, Ico = 10 mA. 


Typical Scattering Parameters at T, = 25°С 


AT-41511 
Усе = 8 У, Ic = 10 mA, Z, = = 500 


Frequency 
| | (GHz) 





AT-41511 
Vcg = 8 V, Ic = 25 mA, Z, = = 500 


Pemeny| Sn | m — _ 
x (dB) | Mag. | Ang. 


Typical Scattering Parameters at T, = 25°С 


AT-41586 
Усе = 8 V, Іс = 10 mA, Z, = 50 Q 


Frequency 


Frequency 





Package Dimensions = | | 
Outline 86 |. .  . Outline 143 (ЅОТ-143) 


0.51 (0.020) —| - | | _ . ШОМ PROFILE 
: | | | 


0.92 (0.036) 
0.78 (0.031) 


1.40 (0.055 _ 2,56 (0.104) 










2.43 (0.107) 
1.96 (0.077) 














1.20 (0.047) 2.10 (0.083) 
3.05 (0.120) 
2.16 (0.085) 
€ 2.04 (0.080) 
1.78 (0.070) 
0.60 (0.024) 
| 2.16 0.45 (0.018) 0.54 (0.021 
(0.085) 0.25 (0.010) 0.37 (0.015) 
| _ 0.15 (0.006) 
1100010) |} — Қаш | 
1.27 (0.050) + | | | 
| | | -— 280019) + —— 
| 2.80 (0 | 0:15 (0.008) 
Lem 0.09 (0.003) 
(0. мы | | | 1.02 |(0.041)* 
di $ 0:85/(0.033) 
DIMENSIONS ARE IN MILLIMETERS (INCHES) | 
0.10 (0.004)** 0.69 (0.027) 
0.013 (0. rena 0.45 (0.018) 





0.178 


"STANDARD PROFILE OPTION AVAILABLE FOR DIODES: (0.007) 


- WITH MIN/MAX OF 0.85/1.20 MILLIMETERS, MIN 
0.035/0.047 INCHES. 2.642 (0.104) 
**STANDARD PROFILE OPTION AVAILABLE FOR DIODES: 2.108 (0.083) 


WITH MIN/MAX OF 0.10/0.25 MILLIMETERS, 
0.004/0.010 INCHES. 


1.753 —— 
(0.069) 
MAX 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 
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Part Number Ordering Information 


Part Number — 
AT-41511-TR1 3000 7" 
AT-41511-TR2 2210000 13" 














Conforms to Electronic Indus- 
tries Standard RS-481, “Taping 





of Surface Mounted Components zt | 
for Automated Placement." = WN | | 
Standard Quantity is 3,000 
Devices/Reel. | © N COVER TAPE 
N CARRIER 
ÀA | | | _ ТАРЕ 
. REEL 
TOP VIEW - END VIEW 
4 mm 





TEEDE 


For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 
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| Ordering Information For AT-41586 Ошу | 


Part Number | Devices Per Reel | 


AT-41586-TR1 | | 1" 
АТ-41586-ТЕ2 Е 13" 









REEL 


CARRIER 


USER M LL 
FEED 


DIRECTION 


COVER TAPE 





NOTE: 1. INDICATES PIN 1 ORIENTATION. 


For more обоена, see "Tape and Reel Packaging 
_ for Semiconductor Devices", page 14- 14. 
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AT-42000 





DU ene an chil Up to 6 GHz Medium Power 
Silicon Bipolar Transistor 
Chip 

Features Chip Outline 


30 ит 
1.18 mil 












e High Output Power: DIA 
21.0 dBm typical Р: ав at 2.0 GHz 
20.5 dBm typical Р ав at 4.0 GHz 

e High Gain at 1 dB Compression: 
15.0 dB typical С! ав at 2.0 GHz 
10.0 dB typical Сі ав at 4.0 GHz 

e Low Noise Figure: 
1.9 dB typical NFo at 2.0 GHz 

e High Gain-Bandwidth Product: _90 ит | | IM 
9.0 GHz typical fr xis ШТ! 


Base Pad 


Emitter Pad 


Description 


The AT-42000 is a high performance NPN silicon bipolar tran- 
sistor chip designed for use in medium power, wide band ampli- x 
fier and oscillator applications operating over VHF, UHF and 

microwave frequencies. 


| 


305 um 
12 mil 





The die are nitride-passivated for surface protection. Excellent | 
device uniformity, performance and reliability are produced by Noise Parameters: Vce = 8 V, [с = 10 mA 


the use of ion-implantation, self alignment techniques, and gold NFo Gamma Opt 
dB Mag Ang 


metallization in the fabrication of these devices. 
ШЕШІ 
om | ti Y 
CENE 
| 20 | 19 | 2 
ЕЕ: 






The recommended assembly procedure is gold-eutectic die at- 
tach at 400°C and either wedge or ball bonding using 0.7 mil 
gold wire. See also "Chip Use" in the APPLICATIONS section. 





Electrical Specifications, TA = 25°С 


Parameters and Test Conditions! 


Insertion Power Gain: VCE = 8 V, Ic = 35 mA 
P1 dB Power Output @ 1 dB Gain Compression: 
МСЕ = 8\, ІС = 35 mA 
G1 dB 1 dB Compressed Gain: VCE = 8 V, Ic = 35 mA 
NFO Optimum Noise Figure: VCE = 8 V, Ic = 10 mA 
GA Gain @ NFO: VCE = 8 V, IC = 10 mA 
hFE 








Gain Bandwidth Product: VCE = 8 V, Ic = 35 mA | Gi | —  L- &6 - 


Forward Current Transfer Ratio: VCE = 8 V, Ic = 35 mA 
Collector Cutoff Current: Усв = 8 V 
Emitter Cutoff Current: VEB - 1 V 


Collector Base Capacitance?: Мсв = 8 V, f = 1 MHz 


Notes: 1. RF performance is determined by packaging and testing 10 devices per wafer. 
2. For this test the emitter is grounded. 
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AT-42000 
Medium Power Silicon Bipolar Transistor 





Absolute Maximum Ratings. 


Absolute 
Maximum! 























Parameter _ Part Number Ordering Information 































Emitter-Baso Voltage rsv || [Partnumber | Devices per Tray | 
Collector-Base Voltage 20 V | AT -42000-GP2 | 10 | 
Collector-Emitter Voltage 12 V AT-42000-GP4 

Collector Current 80 mA AT-42000-GP6 

Power Dissipation?? 600 mW | 

Junction Temperature 200°C 

Storage Temperature 


24 —65°С to 200°C 





Thermal Resistance?*: Өс = 70°СЛМ . 
Notes: | " | Typical Performance, Ta = 25°C 
1. Operation of this device above any one of these parameters (unless otherwise noted) 

_ тау cause permanent damage. | Н mE Е 
2. TMOUNTING SURFACE = 25°С. | 
3. Derate at 14.3 mW/°C for TMOUNTING SURFACE > 158°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. — E m" 


OUTPUT POWER AND 1 dB COMPRESSED GAIN | OUTPUT POWER AND 1 dB COMPRESSED GAIN 


vs. COLLECTOR CURRENT AND FREQUENCY vs. COLLECTOR CURRENT AND VOLTAGE 
VcEs8V ` f z 2.0 GHz 


P4 dB: dBm 
P4 ав, dBm 





G4 ав, dB 
G4 ав, dB 





INSERTION POWER GAIN INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY vs. COLLECTOR CURRENT AND VOLTAGE 
VCE = 8V f= 2.0 GHz 


IS 24g? Gain, dB 
IS 24E! 2 Gain, dB 





INSERTION POWER GAIN, MAXIMUM AVAILABLE NOISE FIGURE AND ASSOCIATED GAIN 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY vs. FREQUENCY 
\УсЕ = 8 V, ic = 35 mA VcE = 8 V, lc = 10 mA 


Gain, dB 
СА, dB 


NFo, dB 





Frequency, GHz Frequency, GHz 
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AT-42000 
Medium Power Silicon Bipolar Transistor 

















Typical Scattering Parameters: Common Emitter, Zo = 50 © ТА = 25°С, Vcg = 8 V, lc = 10 mA 
Freq. S11 | $21 s $12 $22 

GHz Mag Ang dB Mag Ап9 _ 48 Mag Апо Mag Ang 
0.1 70 -50 0 2.00 25.19 155 -37.7 013 71 2920 -14 
0.5 67 -136 20,9 11.04 108 -30.5 030 43 157 o 27 
1.0 .66 -166 15.7 6.08 90 -28.9 036 47 50 . 24 
1.5 .66 -173 12.1 4.02 86 -28.2 039 52 48 |  -23 
2.0 6 179 9.8 3.09 82 -27.5 042 57 47 -23 
2.5 .67 170 7.8 2.46 74 -26.0 050 66 47 -23 
3.0 67 165 6.3 2.08 68 -24.7 058 72 22.47 -26 
3.5 70 157 5.1 1.80 61 -23.4 068 77 47 -28 
4.0 70 151 3.9 1.56 | 57 -21.8 081. 82 | 48. -30 
4.5 71 145 2.9 1.40 51 -20.7 092 ^" 86 50 -94 
5.0 73 138. 1.9 1.24 - 41 = -193 лоо | 87 51 -38 
5.5 74 132 1.2 1.15 36 -17.2 1138 88 51 -50 


6.0 76 129 0.2 1.00 32 —16.3 24184 8/ 53 ^ -b6 
ТА = 25°C, Vce = 8 V, Ic = 35 mA 


0.1 49 —96 33.0 44.61 143 —40.9 .009 65 19 -24 
0.5 .62 -163 22.8 13.87 98 -34.4 019 98 42 |—26 
1.0 63 179 17.2 7.25 86 -30.5 .030 70 | 38 2-22 
1.5 63 171 13.5 4.74 78 -27.7 041 76 38 -23 
2.0 65 163 11.2 3.62 72 —25.4 .054 79 38 -25 
2.5 65 159 9.3 2.90 67 —23.6 066 82 38 —27 
3.0 68 154 7.8 2.44 60 —22.1 079 82 38 —29 
3.5 67 148 6.5 2.12 57 —20.6 .093 84 39 -32 
4.0 69 144 5.3 1.83 51 -19.7 104 86 40 -34 
4.5 70 139 4.4 1.65 47 -18.3 .121 86 41 —40 
5.0 70 137 3.3 1.46 43 -17.5 .133 85 42 -44 
5.5 .72 131 2.7 1.36 — 38 -16.5 .149 86 4 -48 
6.0 .74 128 17 1.22 34 —15.7 164 . 85 .44 .~55 


A model for this device is available in the DEVICE MODELS section. 
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АТ-42010 Ñ 
| HEWLETT E | 
O PACKARD | š Up to 6 GHz Medium Power- 
a x | Silicon Bipolar Transistor 


_ el 
Features = = MEM 100 mil Package 


e High Output Power: | 
12.0 dBm typical P: ав at 2.0 GHz 
20.5 dBm typical Рі ав at 4.0 GHz 

e High Gain at 1 dB Compression: | 
14.0 dB typical G1 ав at 2.0 GHz 
9.5 dB typical Gi: ав at 4.0 GHz | | | 

e Low Noise Figure: COLLECTOR y, 
1.9 dB typical NFo at 2.0 GHz 





e High Gain-Bandwidth Product: 020 
8.0 GHz typical fr И our 
е Hermetic Gold-ceramic Microstrip Package 2 2L | EMITTER ward otherwise specified) 


1. Dimensions are а | 
2. Tolerances 

in .xxx = 1.005 

mm .хх = 3.13 





.004+.002 100 


.10 + .05 2 54 | 


Description | m | | il ABE: баб А 030 
The AT-42010 is a high performance NPN silicon bipolar tran- | 12.57 + .76 76. 
sistor housed in а hermetic, high reliability package. This de- 


vice is designed for use in medium power, wide band amplifier Outline 10A | 
and oscillator applications operating over VHF, UHF and micro- Noise Parameters: Vce = 8 V, lc = 10 mA 
Gamma Opt 


wave frequencies. 
Mag Ang RN/50 


Excellent device uniformity, performance and reliability are 
(04 15 | оз. 


produced by the use of ion-implantation, self-alignment tech- 


niques, and gold metallization in the fabrication of these 
лю зз [on 















| ‚04 15 
devices. .05 d 

.10 132 

23 -177 
Las cus | 0%” 
Min | Typ. 
















Electrical Specifications, TA = 25°С 


| Symbol | Parameters and Test Conditions | 





| 
© 
o 
h 
гі 













Insertion Power Gain: VCE = 8 V, Ic = 35 mA .0 GHz 5 ШИЕ 
5 
_ Ромег Output @ 1 dB Gain Compression: dBm 0 
VCE = 8 V, ІС = 35 mA | .5 
1 dB Compressed Gain: VcE = 8 V, Ic = 35 mA dB | | 0 
Optimum Noise Figure: VcE = 8 V, Ic = 10 mA dB 9 
| | .0 
Gain @ NFo: УСЕ = 8 V, Ic = 10 mA - dB 5 
| | | = „0 

_ Gain Bandwidth Product: VCE = 8 V, Ic = 35 mA GHz | | 80 | |. 


Forward Current Transfer Ratio: VCE = 8 V, IC = 35 mA 
Collector Cutoff Current: VCB = 8 V 
Emitter Cutoff Current: VEB = 1 V 


Collector Base Capacitance’: VCB = 8 V, f = 1 MHz 
Note: 1. For this test the emitter is grounded. 
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AT-42010 
Medium Power Silicon Bipolar Transistor 


Absolute Maximum Ratings 


Absolute 
| Maximum' 




















































Parameter 
Emitter-Base Voltage 1.5 V 
Collector-Base Voltage 20 V 
Collector-Emitter Voltage 12 V 
Collector Current 80 mA 
Power Dissipation? 600 mW 
Junction Temperature 200°С 
Storage Temperature —65?C to 200°C 


Thermal Resistance?*: Өјс = 150°C/W 


Notes: 

1. Operation of this device above any one of these parameters 
may cause permanent damage. 

2. [CASE = 25°С. 


3. Derate at 6.7 mW/°C for Tc > 110°C. 

4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


OUTPUT POWER AND 1 dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 





VcE=8V 
E 
m 
© 
(а 
© 
о 
Е 
@ 
© 
a 
о. 
G 
INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 
VcE = 8 V, lc = 35 mA 
m 
© 
c 
© 
< 





Frequency, GHz 


6-/0 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


IS 24E! 2 Gain, dB 





OUTPUT POWER AND 1 dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT AND VOLTAGE 





f = 2.0 GHz 

E 
m 
© 

a 

© 
a 

E 
tn 
© 

са 

© 
о 

NOISE FIGURE AND ASSOCIATED GAIN 
vs. FREQUENCY 
VcE = 8 V, ic = 10 mA 

0 

© 

« 

о 


| Frequency, GHz 





NFo, dB 


AT-42010 
Medium Power Silicon Bipolar Transistor 


Typical Scattering Parameters: Common Emitter, Zo = 50 © ТА = 25°С, Vee = 8 V, Ic = 10 mA 











A model for this device is available in the DEVICE MODELS section. 
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Freq. zi D S12 — S _ 
GHz мад Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 14 —47 28.5 26.65 153 —36.4 .015 72 .91 —18 
0.5 65. —136 21.4 11.71 -103 -29.4 „034 38 51. —39 © 
1.0 (63 —168 15.9 6.24 82 —27.2 „044 36 40 —42 
1.5 .63 174 12.6 4.26 69 —26.0 „050 42 „38 -45 
2.0 (63 161 10.1 3.23 57 —24.6 .059 43 .38 —49 
2.5 .64 154 8.4 2.64 51 —23.0 .070 52 .38 _—51 
3.0 .65 145 6.9 2.22 41 —22.0 .080 54 37. —56 
3.5 .66 136 5.8 1.94 31 —21.0 .090 51 _ .38 —65 

.. 4.0 .66 126 4.7 1.72 21 —19.7 .104 50 . 239 _ =74 

_ 4.5 .66 115 3.8 1.55 11 —18.0 .126 45 .40 —82 
5.0 .66 103 3.0 1.41 1 —17.3 .136 41 40 —89 
5.5. | 68. 90 2.1 1.28 -9 —16.1 .156 36 40 - _ —98 
6.0 .72 81 1.3 1.16 —19 —15.4 .170 31 437 -110 

ТА = 25°C, Vee = 8 V, [с = 35 mA 

0.1 .54 —90 33.3 45.97 138 —39.2 .011 54 76 —29 
0.5 .62 —163 22.8 13.83 94 -33.2 .022 52 .34 —40 
1.0 62 177 17.0 7.10 78 —28.8 .036 59 .30 —40 
1.5 ‚62 166 13.6 4.82 67 —26.2 „049 61 „29 —42 
2.0 .62 155 11.3 3.65 56 —23.8 .065 57 .29 —47 

| 2.5 ` “3. 150 9.5 2.99 51 —21.8 .081 62 .29 —50 
3.0 .64 142 8.0 2.52 42 —21.0 „090 63 „30 —57 
3.5 _ .65 133 6.8 2.19 32 —19.7 .103 59 .30 —67 
4.0 .65 124 5.7 1.93 22 —18.4 120 54 431 —76 
4.5 65 113 4.7 1.72 13 —17.2 .138 49 .33 —85 
5.0 .66 102 3.9 1.56 3 —16.6 .148 45 .34 —92 
5.5 | .69 91 3.0 1.41 -6 —15.6 .166 39 33 -100 
6.0 .73 _ 83 2.1 1.27 —16 —14.9 .180 32 .30 —110 `` 





o | i ‚ АТ-42035 
HEWLETT ` ча 4 Ze 
ЕСІ РАСКАНО | Ор to 6 GHz Medium Power 


Silicon Bipolar Transistor 





Features | * | 35 micro-X Package | 


e High Output Power: 
. 21.0 dBm typical Р: ав at 2.0 GHz 
20.5 dBm typical Р: ав at 4.0 GHz 
e High Gain at 1 dB Compression: 
14.0 dB typical Оз ав at 2.0 GHz 
9.5 dB typical G1 ав at 4.0 GHz 
e Low Noise Figure: 
_ 1.9 dB typical NFo at 2.0 GHz 
е High Gain-Bandwidth Product: 





508 
8.0 GHz typical fr 
° Cost Effective Ceramic Microstrip Package Кош: 
(unless otherwise specified) 
_1. Dimensions are 17. 
` 2. Tolerances | 


іп .xxx = %.005 


Description | CRI Y we: = | + 





The AT-42035 is a high performance NPN silicon bipolar tran- .022 s .455 £.030 `` 

_ Sistor housed in a cost effective, microstrip package. This de- .56 11.54 = .76 

. vice is designed for use in medium power, wide band amplifier .006 +.002 
and oscillator applications operating over VHF, UHF and micro- 15 £.05 
wave frequencies. 


Noise Parameters: Vce = 8 V, [с = 10 mA 
Excellent device uniformity, performance and reliability are 
produced by the use of ion- implantation, self-alignment tech- 
niques, and gold metallization in the fabrication of these 
devices. 


Electrical Specifications, TA = 25°C 
Parameters and Test Conditions 














Insertion Power Gain: ҮСЕ = 8 V, IC = 35 mA 





Power Output @ 1 dB Gain Compression: 
МСЕ = 8 V, ІС = 35 mA 


1 dB Compressed Gain: VcE = 8 V, Ic = 35 mA 







Optimum Noise Figure: VCE = 8 V, IC = 10 mA 


Gain Q NFo: VCE = 8 V, lc = 10 mA 














Gain Bandwidth Product: VCE = 8 V, Ic = 35 mA 







Forward Current Transfer Ratio: VCE = 8 V, IC = 35 mA 150 300 
Collector Cutoff Current: VCB = 8 V ША 0.2 
Emitter Cutoff Current: VEB = 1 V ША 2.0 
Collector Base Capacitance’: VCB = 8 V, f = 1 MHz pF 0.28 





Note: 1. For this test the emitter is grounded. 
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AT-42035 


Medium Power Silicon Bipolar Transistor 


Absolute Maximum Ratings Typical Performance, Ta = 25°C 
Absolute (unless otherwise noted) 
| “> 


Emitter-Base Voltage 1.5 V 
Collector-Base Voltage 20 V 


Collector-Emitter Voltage 12 V | с тоя POWER CAIN — 
| | d E 
Collector Current | 80 mA 7% 


| МсЕ = 8 V 
Power Dissipation?? 600 mW 


Junction Temperature і | 200°С 
Storage Temperature“ —65°С to 200°C 





Notes: 


1. Operation of this device above any one of these parameters 
may cause permanent damage. 


2. ТСАЗЕ = 25°С. 


3. Оегае at 5.7 mW/°C for Tc > 95°C. 

4. Storage above +150°C may tarnish the leads of this package 
making it difficult to solder into a circuit. After a device has 
been soldered into a circuit, it may be safely stored up to 200°C. 


5. The small spot size of this technique results in a higher, though 
more accurate determination of Ө than do alternate methods. 
See MEASUREMENTS section “Thermal Resistance” for more 


IS 24E! 2 Gain, dB 





information. 
OUTPUT POWER AND 1 dB COMPRESSED GAIN OUTPUT POWER AND 1 dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY vs. COLLECTOR CURRENT AND VOLTAGE 
Усе =8V 
E E 
б m 
© © 
в m 
© © 
a d 


G4 qp. dB 
G4 ав, dB 
















INSERTION POWER GAIN, MAXIMUM AVAILABLE NOISE FIGURE AND ASSOCIATED GAIN 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY vs. FREQUENCY 
VCE = 8 V, lc = 35 mA VcE = 8 V, Іс = 10 mA 
40 | 
њ мы || Г ү 
И — T. _ уу 
М "d 
Jd NM BUND ан 8 
ШЕВ © 
"ro š 
5 x z 
н ПОНЕ ИШЕ ЖЕ 
0.1 0.3 0.5 1.0 3.0 6.0 
Frequency, GHz Frequency, GHz 
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AT-42035 
Medium Power Silicon Bipolar Transistor 


















Typical Scattering Parameters: Common Emitter, Zo = 50 Q ТА = 25°С, Ус = 8 V, lc = 10 mA 
Freq. S1 S21 m S12 _ $22 
GHz Mag Ang dB Mag Ang | а Мад | Ang Mag Ang 
0.1 72 -46 28.3 26.09 152 -37.0 014 73 92 -14 
0.5 59 -137 20.9 11.13 102 -31.0 .028 44 58 -27 
1.0 56 -171 15.4 5.91 80 -28.2 039 47 51 -29 
1.5 56 169 12.1 4.03 67 -26.6 047 52 50 -33 
2.0 58 155 9.7 3.06 55 -24.2 062 55 48 -38 
2.5 59 147 8.0 2.50 48 -22.6 074 61 47 -42 
3.0 61 137 6.5 2.10 38 —20.8 092 65 46 -51 
3.5 63 128 5.2 1.82 27 -19.6 105 62 47 -63 
4.0 63 117 4.0 1.60 17 -18.0 126 57 49 -72 
4.5 63 106 3.1 1.43 7 -16.5 149 53 51 -80 
5.0 64 93 2.3 1.30 -3 -15.4 169 48 52 -87 
5.5 67 79 1.5 t:19 -13 -14.3 193 41 51 -94 
6.0 72 70 0.6 1.07 -23 -134 215 35 46 -105 

ТА = 25°C, Усе = 8 V, Ic = 35 тА 

0.1 50 -88 33.2 45.64 135 -42.0 008 68 47  -2 
0.5 .52 —164 22.4 13.24 92 -32.8 . .023 57. | 4.45... . -25 
1.0 53 174 16.6 6.75 76 —28.2 .039 63 .. 42 _ —96 
1.5 53 160 13.1 4.55 64 -256 .053 66 41 —30 
2.0 .55 148 10.8 3.45 53 -23.2 069. 65 . 41 -36 
2.5 57 142 9.0 2.81 47 -21.6  .084 . 67 39 _ -40 
3.0 59 134 7.5 2.37 37 -20.0 101. 64 _ .38 ~- —49 
3.5 60 125 6.3 2.06 27. -18.4 120 61 1390 —61 
4.0 60 116 5.2 1.81 17 -17.0 441 57 241-710 
4.5 60 104 4.2 1.62 7 -16.0 158 50 43 -78 
5.0 61 92 3.4 1.47 -2 -14.9 179 45 44 -84 
5.5 .64 79 2.6 1.35 -13 -14.1 .198 37 43 -91 
6.0 .69 70 1.7 1.21 -23 -13.2 219 30 38 -102 


A model for this device is available in the DEVICE MODELS section. 
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AT-42070 
HEWLETT TA 
Ú] Баска Up to 6 GHz Medium Power 


Silicon Bipolar Transistor 


Features | | . 70 mil Package 
° High Output Power: 102 "| 
21.0 dBm typical Р ав at 2.0 GHz 4 [^] EMITTER 






20.5 dBm typical P: ав at 4.0 GHz 
High Gain at 1 dB Compression: 

15.0 dB typical С! ав at 2.0 GHz 

10.0 dB typical G1 ав at 4.0 GHz 
Low Noise Figure: 


.020 
.508 


COLLECTOR | 


1.9 dB typical МҒо at 2.0 GHz | 1 3 | 
e High Gain-Bandwidth Product: 
: Notes: 
8.0 GHz typical fr eer otherwise specified) 


. А | 
1. Dimensions аге mm 


Hermetic Gold-ceramic Microstrip Package 

2. Tolerances 

EMITTER in XXX = + .005 
mm .xx = +.13 


іі 
Description i т 
The AT-42070 is a high performance МРМ silicon bipolar tran- 495 t.030 | .035 
sistor housed т a hermetic high reliability package. This device t .89 
is designed for use in medium power, wide band amplifier and 


oscillator applications operating over VHF, UHF and micro- 


NI PR | | Noise Parameters: Усе = 8 V, lc = 10 mA 
Excellent device uniformity, performance and reliability are 
produced by the use of ion-implantation, self-alignment tech- 
niques, and gold metallization in the fabrication of these 
devices. | 





Electrical Specifications, Ta = 25°C 


| Symbol | Parameters and Test Conditions | Unis | Min. - Typ. 


Insertion Power Gain: VCE = 8 V, Ic = 35 mA .0 GHz 













P1 dB Power Output @ 1 dB Gain Compression: dBm 
VCE = 8 V, ІС = 35 mA | 
G1 dB 1 dB Compressed Gain: VCE = 8 V, Ic = 35 mA - dB 
| | = GHz m 
NFO Optimum Noise Figure: VCE = 8 V, ІС = 10 mA dB 
GA Gain @ NFo: VCE = 8 V, Ic = 10 mA dB 







Gain Bandwidth Product: VCE = 8 V, IC = 35 mA 
Forward Current Transfer Ratio: VCE = 8 V, Ic = 35 mA 
Collector Cutoff Current: VCB = 8 V 

Emitter Cutoff Current: VEB = 1 V 

Collector Base Capacitance': VCB = 8 V, f = 1 MHz 
Note: 1. For this test the emitter is grounded. 
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AT-42070 
Medium Power Silicon Bipolar Transistor 


Absolute Maximum Ratings 









Maximum 
1.5 V 
20 V 
12 V 
80 mA 
600 mW 
200?C 
—65?C to 200°C 












Parameter 





Emitter-Base Voltage 
-Collector-Base Voltage . 
Collector-Emitter Voltage 
Collector Current 

Power Dissipation? 
Junction Temperature 
Storage Temperature 























Thermal Resistance?*: Өс = 150°C/W 


Notes: 

1. Operation of this device above any one of these parameters 
may cause permanent damage. 

2. TCASE = 25°C. 


3. Derate at 6.7 mW/°C for Tc > 110°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


OUTPUT POWER AND 1 dB COMPRESSED GAIN 
. vs. COLLECTOR CURRENT AND FREQUENCY 


VCE = 8 V 


P4 dB» dBm 


G4 dp. dB 





INSERTION POWER GAIN, MAXIMUM AVAILABLE 
. GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 


ҮСЕ = 8 V, [с = 35 mA 


Gain, dB 





0.1 0.3 0.5 1.0 3.0 6.0 


Frequency, GHz 
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Typical Performance, TA = 25°C ELE 


(unless otherwise noted) 


521Е!? Gain, dB 


| P4 ав, dBm 


G1 ав, dB 


СА, dB | 


24 


| INSERTION POWERGAIN © ~~ 
vs. COLLECTOR CURRENT AND FREQUENCY 
VcE=8 V 








OUTPUT POWER AND 1 dB COMPRESSED САМ - 
vs. COLLECTOR CURRENT AND VOLTAGE 


fz2.0 GHz 


NOISE FIGURE AND ASSOCIATED GAIN 
vs. FREQUENCY 


.VcE 28V, Ic = 10 тА 


^10 — | 2.0 30 40 
Frequency, GHz 








. NF, dB 


AT-42070 
Medium Power Silicon Bipolar Transistor 


Typical Scattering Parameters: Common Emitter, Zo = 50 О ТА = 25°C, Усе = 8 V, Ic = 10 mA 


Freq. 511 $21 $12 $22 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 70 -49 28.5 26.56 154 -36.0 016 77 91 -18 
05 _.69 -137 21.5 11.85 105 -29.6 1033 34 _ 50. MM 
1:0 .69 -165 16.0 6.34 85 -27.2 044 29 40 -44 
1.5 68 -179 12.7 4.33 72 -27.4 043 37 38 -48 
2.0 69 169 10.3 3.26 62 -25.6 052 42 37 -54 
2.5 69 164 8.5 2.64 56 -25.4 054 46 .. .37 -55 
3.0 70 157 6.9 2.22 48 -23.8 065 52 39 -63 
3.5 70 151 5.6 1.91 39 -22.4 1076 51 41. -71 
4.0 .69 144 4.5 1.68 30 -21.4 .085 55 43 -77 
4.5 .68 137 3.5 1.50 22 -20.4 096. 49. 46 -83 
5.0 68 128 2.7 1.37 14 —19.4 107° 50 '.48. -87 
5.5 68 117 2.0 1.26 5 -18.3 121 45 . 148 -91 
6.0 70 _107 1.2 1.15 -3 -17.6 132 44 48 7-9 

ТА = 25°С, Vcg = 8 V, lc = 35 mA 

0.1 52 -95 33.4 46.52 139 —40.0 010 50 77 -29 
0.5 66 -163 23.1 14.33 95 -34.4 019 246. 34 —42 
1.0 .67 179 17.3 7.36 80 —29.6 .033 51 .28 -41 
1.5 67 169 13.9 4.97 69 —28.0 .040 59 27 -44 
2.0 68 — 160 11.4 3.74 60 -27.3 .053 59 27 —51 
2.5 .69 157 9.6 3.04 55 -23.8 065 65 28 -53 
3.0 .69 151 8.1 2.55 47 -22.8 072 65 28 -62 
3.5 .69 145 6.8 2.20 39 -21.4 086 59 30 -72 
4.0 68 139 5.7 1.93 20 -20.2 097 60 33 -80 
4.5 67 132 4.7 1.74 22 -19.3 .109 54 36 2-85 
5.0 67 123 4.0 1.59 13 -18.0 126 50 538 -90 
5.5 .67 113 3.2 1.46 5 -17.2 .138 46 39 -94 
6.0 69 103 2.5 1.34 -4 -16.4- 152 .38 -102 


A model for this device is available in the DEVICE MODELS section. 
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| MEC  AT-42085 
HEWLETT zo x ue wd Бо Fa s | | 
пй: PACKARD | _ Up to 6 GHz Medium Power 
_ Silicon Bipolar Transistor 





Features | 85 Plastic Package 
e High Output Power: | | ея 
20.5 dBm typical Р: ав at 2.0 GHz EMITTER (4 





e High Gain at 1 dB Compression: 
14.0 dB typical G1 ав at 2.0 GHz 

Low Noise Figure: 
1.9 dB typical NFo at 2.0 GHz 

e High Gain-Bandwidth Product: 
8.0 GHz typical fr 

Low Cost Plastic Package 






COLLECTOR . 


3 





Notes: 
(unless otherwise specified) 


án. 
1. Dimensions аге mm 
2. Tolerances 


2 
| іп .xxx = +.005 
085 | mm .xx = +.13 


1.52 + 25 .008 + .002 
Description ` | | 


The АТ-42085 is a high performance NPN silicon bipolar tran- I — 3E 

sistor housed in a low cost plastic package. This device is de- \ A | 7 Т 
signed for use in medium power, wide band amplifier and oscil- | nm ooo 

lator applications operating over VHF, UHF and microwave fre- 920 ` 

quencies. ` 

Excellent device uniformity, performance and reliability are 

produced by the use of ion-implantation, self-alignment tech- Noise Parameters: Vce = :8 V, Ic = 10 mA 


niques, and gold metallization in the fabrication of these 
devices. 





Electrical Specifications, TA = 25°С 


е Insertion Power Gain: VCE = 8 V, IC = 35 mA NN 
P1 dB Power Output @ 1 dB Gain Compression: 
G1 dB 


VCE = 8 V, С = 35 mA 
Optimum Noise Figure: VCE = 8 V, Ic = 10 mA 
Gain @ NFo: VCE = 8 V, ІС = 10 тА 


s 


no ox [Qm O oolooo 














1 dB Compressed Gain: МСЕ = 8 V, Ic = 35 mA 

Gain Bandwidth Product: VCE = 8 V, Ic = 35 mA | GHz | | seo |] |. 
Forward Current Transfer Ratio: VCE = 8V, IC = 35 mA 
Collector Cutoff Current: VCB = 8 V 

Emitter Cutoff Current: VEB = 1 V 

Collector Base Capacitance’: VCB = 8 V, f = 1 MHz 
Note: 1. Forthis test the emitter is grounded. 
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. АТ-42085 
Medium Power Silicon Bipolar Transistor 


Absolute Maximum Ratings : _ | Typical Performance, Ta =25° ` 


| Symbol Absolute (unless otherwise noted) 
ES Maximum | 


1.5 V 


















| Parameter 



















Emitter-Base Voltage 














Collector-Base Voltage 20 V ve. COLLECTOR CURRENT AND FREQUENCY 
Collector-Emitter Voltage ` 12 V 22 Үсе«8У | 
Collector Current 80 mA 

Power Dissipation?? 500 mW 

Junction Temperature 150?C 






-6 





Storage Temperature _ 5°С to 150°С 


IS 34g! Gain, dB 


Notes: | | 

1. Operation of this device above any one of these parameters 
may cause permanent damage. 

2: TCASE = 25°C. а 


3. Derate at 7.7 mW/PC for Tc» 85°С. = га 
4. See MEASUREMENTS section "Thermal Resistance" for more 


















information. | | 
OUTPUT POWER AND 1 dB COMPRESSED GAIN OUTPUT POWER AND 1 dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY | 
| к ш ВУ ee ee 
24 
uM 
© 20 wee EE Qua Qasa Q в 
am P p a 
© 1 dB P © 
a 18 g еее ЕЕЕ a 
2 NE -— 1 |“ 
e @ 
ч ч 
© 8 © 
o o 
4 
0 10 20 30 40 50 
Ic, mA 
INSERTION POWER GAIN, MAXIMUM AVAILABLE NOISE FIGURE AND ASSOCIATED GAIN 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY vs. FREQUENCY 
VCE = 8V, ic = 35 mA VCE = 8 V, lc = 10 mA 


Gain, dB 
СА, dB 


NFo, dB 





.1 03 0.5 1.0 3.0 6.0 | 
Frequency, GHz Frequency, GHz 
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AT-42085 
Medium Power Silicon Bipolar Transistor 


Typical Scattering Parameters: Common Emitter, Zo = 50 Q ТА = 25°С, Vce = 8 V, lc = 10 mA 





Freq. — Sri _ аб S12 _ 322 
GHz Mag Ang dB Mag Ang _ dB Mag Ang Mag. Ang 
0.1 12 -50 28.5 26.52 152 —37.0 .014 73 .90 —16 
0.5 .66 —139 21.0 11.23 103 —29.2 „035 36 53 —32 
1.0 .65 -168 15.5 5.96 84 —28.6 .037 39 45 -33 
1.5 . .65 175 12.2 4.06 71 —27.0 045 46 43 —36 
2.0 .65 163 9.7 3.06 60 —25.3 „054 51 42 —41 
2.5 .66 157 8.0 2.51 55 —24.0 .063 60 42 —42 
3.0 .68 149 6.3 2.07 46 —22.8 .072 65 .41 —48 
3.5 .68 141 5.1 1.79 38 -21.4 085 64 43 —55 
4.0 69 133 3.9 1.57 29 -19.7 104 64 45. -61 
4.5 .69 125 3.0 1.41 21 -18.5 .119 63 46 —66 
5.0 „69 114 2.2 1.28 12 —17.1 .139_ 58 47 —71 
5.5 НА 103 1.4 1.17 3 -15.9 .161 55 44 -76 
6.0 .75 | 91 0.6 1.07 -6 -15.1 4177 49 .40 -85 





0.1 .54 -90 33.1 45.38 137 -40.1 010 66 .76 —26 
0.5 .61 —163 22.6 13.45 95 —32.8 .023 52 .38 -30 
1.0 61 178 16.8 6.90 79 -29.5 .034 61 34 —28 
1.5 .62 167 13.4 4.67 68 —26.4 .048 68 .32 -31 
2.0 (63 156 10.9 3.52 59 —23.9 .064 66 .31 —36 
2.5 .64 152 9.2 2.89 54 -22.5 075 68 .31 —40 
3.0 .66 146 7.6 2.39 45 —21.2 .088 69 .30 —48 
3.5 .67 139 6.3 2.07 37 -19.8 .102 67 .31 —58 
4.0 .68 131 5.2 1.81 28 —18.6 .117 65 ‚33 —67 
4.5 .68 123 4.2 1.62 19 -17.2 .138 60 .35 -73 
5.0 .68 114 3.4 1.48 10 -16.4 .152 56 .35 -79 
5.5 .71 103 2.5 1.34 1 -15.3 .171 50 34 -85 
6.0 .74 93 1.7 1.21 -8 -14.5 .188 46 .31 —96 





A model for this device is available in the DEVICE MODELS section. 
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HEWLETT ` О |. ... АТ-42086 
PACKARD | Up to 6 GHz Medium Power 


Silicon Bipolar Transistor 


U 








Features | EN E | MEME 86 Plastic Package | 


e High Output Power: 
20.5 dBm typical P: dB at 2. 0 GHz | 
e High Gain at 1 dB Compression: © кре эче | st (0.020) —= B 
13.5 dB typical С: ав at 2.0 GHz " | 
e Low Noise Figure: | 







1.9 dB typical NFo at 2.0 GHz | | а COLLECTOR 
е High Gain-Bandwidth Product: | | 
8.0 GHz typical fr Wien 
Surface Mount Plastic Package E | | EMITTER 
° Tape-and-Reel Packaging Option Available’ "INE Y Ee 
2.16 
| (0.085) | 0.25 (0910) 
1177 (0.070). 0.15 (0.006) 
21.27 (0.050). + 
Е 
Description . | . u 0.66 


(0.026) 


The AT-42086 is a high performance NPN silicon bipolar tran- | | 
sistor housed in а low cost, surface mount plastic package. This DIMENSIONS ARE IN MILLIMETERS (INCHES) 
device is designed for use in medium power, wide band ampli- | | 

fier and oscillator applications operating Over VHF, UHF and 


microwave frequencies. | Noise Parameters: Ус 28 V, Ic = 10 тА 





Excellent device uniformity, performance and reliability are pro- . Gamma Opt 

duced by the use of ion- implantation, self-alignment tech- Mag ` Ans = 
niques, and gold metalization in the fabrication of these 

devices. 


Electrical Specifications, Ta = 25°C 


Parameters and Test Conditions 


Insertion rem МСЕ = 8 V, ІС = 35 mA 








` Power Output Q 1 dB Gain Compression: | 
VcE=8V,lc=395mA . · | 


4 dB: Compressed Gain: VCE = 8 V, lc = 35 mA 










Optimum Noise Figure: GE = av,lcz 10 mA 
Gain Q NFO: VCE = ВУ, din 10 mA 


Gain Bandwidth Product: VCE = 8 V, IC = 35 mA 
Forward Current Transfer Ratio: VCE = 8 V, Ic = 35 mA 
Collector Cutoff Current: Усв = 8V 

Emitter Cutoff Current: VEB =1 V 

Collector Base Сарасйапсе?: VCB = 8 V, f = 1 MHz 


Notes: 1. Refer to PACKAGING section "Tape-and-Reel Packaging for Semiconductor Devices." 
2. For this test, the emitter is grounded. 
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AT-42086 
Medium Power Silicon Bipolar Transistor 


Absolute Maximum Ratings 


Emitter-Base Voltage 
Collector-Base Voltage 


Collector-Emitter Voltage 
Collector Current 
Power Dissipation? 
Junction Temperature 
Storage Temperature 


Thermal Resistance?*: Өс = 140°C/W 





Notes: 


1. Operation of this device above any one of these parameters 
may cause permanent damage. 


2. ТСАЗЕ = 25°C. | 
3. Derate at 7.1 mW/°C for Tc > 80°C. 


4. See MEASUREMENTS section “Thermal Resistance” for more 


information. 
OUTPUT POWER AND 1 dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 
Vce=8V ` 
E 
e 
ч 
m 
UO 
d 





tn 
v 
a 
9 
© 
INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 
МСЕ =8 У, 1с =35 ТА ` 
ЕН L TITI 
DM Moss | | | | 
Š 
Е 
б 





0.1 0.3 0.5 1.0 3.0 6.0 
| Frequency, GHz / 





IS 21Е!? Gain, dB 


СА, dB 


Part Number Ordering Information 


Part Number Devices Per Reel 


| AT-42086-TR1 - 1000: :- 
АТ-42086-ТВ2. 4000 


For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 










Typical Performance, Ta = 25°C 


(unless otherwise noted) 


INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


Vee = 8 V 





NOISE FIGURE AND ASSOCIATED GAIN 
| vs. FREQUENCY... | 


Vce =8 V, Ics 10 mA 


NF, dB 





Frequency, GHz | 


AT-42086 
Medium Power Silicon Bipolar Transistor 


Typical Scattering Parameters: Common Emitter, 20-500 TA = 25°C, Vee = 8 V, Ic = 10 mii 


Freq. Su к osa e: ы == — | кеннен 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .68 —48 28.0 25.12 153 --36.0 016 65 .91 -15 
0.5 .63 —141. 20.9 211.07 102 29.9 .032 42 54. —30 . 
1.0 .63 —176 15.4 5.87 80 —27.4 „043 43 43 —30 
1.5 .65 164 12.0 3.98 65 —26.0 .050 46 .40 —34 
2.0 .66 151 9.5 2.99 53 —23.9 .064 52 .38 —40 
2.5 .69 142 7.8 2.44 45 —23.1 .070 ‚ӨЗ _.36 -46 
3.0 .71 132 6.2 2.04 34 -21.6 „084 54 .34 —54 
3.5 13 123 4.8 1.74 24 —19.7 .104 . . 53 93 -67 
4.0 .75 115 3.6 1.51 14 -18.3 ,122- 51 .30 -80 
4.5 .78 108 2.6 1.34 5 —17.2 .138 50 .31 -94 
5.0 ‚80 101 1.6 1.20 —4 -16.0 .159 46 .31 —110 
5.5 ‚82 95 0.6 1.08 —12 -14.8 .182 40 ‚32 —129 
6.0 ‚85 89 —0.2 0.97 —21 -14.0 _.200 3 .34 —148 
ТА = 25°С, Мсе = 8 V, lc = 35 mA 

0.1 .48 —94 32.8 43.62 137 —37.7 .013 65 .77 -25 
0.5 .57 —168 . 22.4 13.21 92 —32.6 .023 57 _.39 —28 
1.0. .59 168. 16.5 6.69 75 -28.7 „037 62 33 —27 
1.5: .61 7154 13.0 4.48 62 —24.8 _.057 64 .31 —31 
2.0 .63 143 | 10.5 3.36 51 —23.0 „071 61 .29 0-97 
2.5 .68 137 8.7 2.72 43 —21.0 „089 56 ‚26 -45 
3.0 .68 127 7.0 2.25 33 —19.7 .104 58 .25 -53 
3.5 .71 118 5.7 1.92 24 —18.4 .121 55 .24 -65 
4.0 .73 111 4.5 1.69 14 —17.3 136 49 .20 -80 
4.5 .76 104 3.5 1.49 5 —15.9 .161 46 .21 -95 
5.0 .78 98 2.4 1.32 -3 —15.2 .174 43 .21 —115 
5.5 ‚81 91 1.6 1.20 —12 —14.3 .193 36 ‚22 —136 
6.0 .84 85 0.7 1.08 —20 -13.4 213 ` 31 25 —156 


A model for this device is available in the DEVICE MODELS section. 
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AT-60100 





Ul кк ^' Upto6 GHz Low Мове = 
Silicon Bipolar Transistor. ` 
Chip ` 
Features Chip Outline’ 
e Low Bias Current Operation Е = | 
е Low Noise Figure: 1.9 dB typical at 2. 0 GHz 30m 
| 3.0 dB typical at 4.0 GHz 1.18 mi DIA 


ә High Associated Gain: 8.0 dB typical at 2.0 GHz 
. 5.0 dB typical at 4.0 GHz 


e High Gain-Bandwidth Product: 9.0 GHz typical fr . 


Description 


The AT-60100 is a high performance NPN silicon bipolar tran- 
sistor chip designed for use in low noise, wide band amplifier 
and oscillator applications operating over VHF, UHF and micro- 
wave frequencies. m 


The die are nitride-passivated for surface protection. Excellent 
device uniformity, performance and reliability are produced by 
the use of ion-implantation, self alignment techniques, and gold 
metallization in the fabrication of these devices. 


The recommended assembly procedure is gold-eutectic die at- 
tach at 400°C and either wedge or ball bonding using 0.7 mil 
gold wire. See also "Chip Use" in the APPLICATIONS section. 


NOISE FIGURE AND ASSOCIATED GAIN vs. FREQUENCY 
VCE = 8 V, Ic = 0.5 mA 


СА, dB 


NF, dB 





Frequency, GHz 


Electrical Specifications, TA = 25°C 


- Emitter Pad 





| 305 тп | 
рь 
12 ті 


Lema | paramere ena Tost connor ИГИ ИЧИ Г [ se 


Optimum Noise Figure: VCE = 8 V, ІС = 0.5 mA 


Gain @ NFo: VCE = 8 V, Ic = 0.5 mA 


Insertion Power Gain: МСЕ = 8 V, Ic = З тА 





Power Output Q 1 P Gain Compression: 
УСЕ = 8 V, С =Зт 


1 dB Compressed Gain: VCE = 8 V, lc = 3 тА 
Gain Bandwidth Product: VCE = 8 V, С=З mA 









Collector Cutoff Current: Усв = 8 V 
Emitter Cutoff Current: VEB = 1 V 
Collector Base Сарасйапсе?: VCB = 8 V, f = 











Forward Current Transfer Ratio: VCE = 8 V, ІС = 3 тА 


1 MHz 









f = 2.0 GHz 






Notes: E This chip contains 3 active devices. The performance specified applies only to the device whose base and emitter pads are indicated on the chip outline. 
2. RF performance is determined by packaging and testing 10 devices per wafer. 


3. For this test, the emitter is grounded. 


AT-60100 
Low Noise Silicon Bipolar Transistor 


Absolute Maximum Ratings 


22. ` É , 













mE Parameter Part Number Ordering Information 


Absolute 
Maximum' | 
Part Number Devices Per Tray | 
































Emitter-Base Voltage 1.5 V 

Collector-Base Voltage 20 V | AT-60100-GP2 | 10. 
Collector-Emitter Voltage 12 V | AT-60100-GP4 | 100 
Collector Current 8 тА AT-60100-GP6 up to 300 
Power Dissipation?? 80.mW 

Junction Temperature 200?C 

Storage Temperature 


—65°С to 200°C 


Notas: | Typical Performance, ТА = 25°С 

1. Operation of this device above апу one of these parameters (ота а noted) 
may cause permanent damage. | 

2. TMOUNTING SURFACE = 25?C. с 


3. Derate at 5.3 mW/°C for TMOUNTING SURFACE > 185°C. 

4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN OUTPUT POWER AND 1 dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY vs. COLLECTOR CURRENT 
VcE = 8 V, f = 2.0 GHz 





sas 


> ло ч © O O 
G4 qp. dB 


СА, dB 


e 


NFo, dB 
P4 ав. dBm 





INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 


VCE = 8V, lc = 3 mA 


L у j | 11! 
Им ү 
_ | T< БЕН ШЕНІ 
BER У Г 







Gain, dB 





Frequency, GHz 
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AT-60100 
Low Noise Silicon Bipolar Transistor 








Typical Scattering Parameters: Common Emitter, Zo = 50 Q ТА = 25°С, Усе = 8 V, lc = 0:5 mA 
Freq. ——Snu |. S2 | 8 — Se 0 
GHz Mag Ang dB Мад Ang = dB Мад Ang Mag Ат 
0.1 99 2 42 1463 -179 —43.1 007 88 99 47 
0.5 98 -9 3.5 1.49 165 ~29.9 032 86 99 -5 
1.0 92 -17 1.7 1.22 148 -24.4 060 78 99 -6 
1.5 90 -30 1.1 1.14 134 -21.2 087 70 96 -9 
2.0 76 -37 1.4 1.18 122 -19.6 105 67 92 -13 
2.5 70 -38 0.7 1.08 113 -18.2 123 66 91 -15 
3.0 61 -46 0.4 1.05 102 -17.1 139 63 88 -17 
3.5 52 -49 -0.5 0.95 94 -16.8 145 61 86 -20 
4.0 50 -60 -1.1 0.88 87 -16.4 151 62 86 -21 
5.0 50 -45 -2.2 0.78 80 -13.9 202 62 85 -26 





0.1 98 -2 17.4 7.43 176 -44.4 006 83 95 -7 
0.5 83 -26 15.3 5.81 145 -31.0 028 78 95 -9 
1.0 63 -44 12.5 4.23 124 -26.4 048 70 89 -10 
1.5 47 -57 10.6 3.38 114 -24.3 061 68 84 -11 
2.0 35 -61 8.9 2.77 98 —22.6 074 67 81 -13 
2.5 29 -61 7.4 2.33 91 -21.0 089 69 79 -14 
3.0 21 -68 6.2 2.03 83 -19.9 101 69 78 -15 
3.5 18 -68 4.9 1.76 79 --19.1 111 70 77 -18 
4.0 14 -80 4.0 1.59 75. _ -18.3 122 73 78 -19 
5.0 10 -63 2.4 1.31 67 -16.5 150 71 78 -25 





A model for this device is available in the DEVICE MODELS section. 
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Technical Data 


Features 


е Low Current Operation 
AT-60111: 0.4 mA at 3 V 
АТ-60211: 0.8 mA at 3 V | 

e Low Noise Figure 

_ AT-60111: 1.4 dB at 1 GHz 
AT-60211: 1.5 dB at 1 GHz 


е High Associated Gain 
AT-60111: 10.5 dB at 1 GHz 
AT-60211: 12.5 dB at 1 GHz 


e Low Cost Surface Mount 
Plastic Package 


• Tape and Reel Option 
Available 


Description 


The AT-60111 and AT- 60211 
are low current, low cost NPN 
silicon bipolar transistors 
mounted in the surface mount 
plastic SOT-143 package. These 
devices are designed for use in 
gain stages, low noise ampli- 
fiers, or oscillators operating in 
the VHF, UHF, and microwave 
frequencies, and are ideally 
suited for battery powered 
applications. | 


Excellent device uniformity, 
performance and reliability are 
produced by the use of ion- 
implantation, self-alignment 
techniques, and gold metalliza- 
tion in the fabrication of these 
devices. 


Surface Mount, Low Current 
Silicon Bipolar Transistor 





GAIN (dB) 


FREQUENCY (GHz) 


Figure 1. AT-60111 Insertion Power 
Gain, Maximum Available Gain, and 
Maximum Stable Gain vs. Fre- 
quency, Vcg = 3 V, Ic = 0.4 mA. 







NS 
i 1 
LHDN 
FNY 


GAIN (dB) 


FREQUENCY (GH2) 


Figure 2. AT-60211 Insertion Power 
Gain, Maximum Available Gain, and 
Maximum Stable Gain vs. Fre- 
quency, Vcg = 3 V, Ic = 0.8 mA. 
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1 10 


HEWLETT 
PACKARD 


2 





АТ-60111 


АТ-60211 


Plastic SOT-143 Package 





Pin Configuration 





Pin Description 


1 Base 

2 Emitter 
3 Collector 
4 Emitter 













Absolute Maximum Ratings!!! (ТА = 25°C) 


— Pase 0 [ Use | аат [ 
VERO Emitter-Base Voltage : 









Power ME 


Symbol 
= 
Е АЕ 
ELEM 





Storage Temperature 


-65 to +150 -65 to +150 





1. Operation in excess of any one of these conditions 3. Derate at 1.55 mW/*C for Tcasg > 98°C. 
may result in permanent damage to this device. 4. Derate at 1.64 mW/°C for Tcasg > 102°C. 
2. T; = 150°С. 

j 


Electrical Specifications, T, = 25 °С 


s Optimum Noise кәне | 
AT-60211: Усе = = 3 V. 1, = 0. 8 mA 


Ы Gain at кей 


AT-60211: Vog = =3 V. n = 0. 8 mA 
Maximum Stable Gain 
АТ-60111: Vcg = 3 V, Г = 0.4 mA 
AT-60111: Усе = =6 V, Ic = = 2.5 тА 
АТ-60211: Усе = = 6 У, с = = 5.0 тА 
Collector Cutoff Current: Vop = 6 V 
Ippo Emitter Cutoff Current: Урв = 1V 


















AT-60211: - = ЗУ, Ia = = 0.8 тА. 







Insertion Power Gain 
AT-60111: Усе = = 6 V, Іс = = 2.5 mA 





AT-60211: Усе = = 6 V, Іс = = 5. ОтА 












Output Power at 1 dB Gain и 
АТ-60111: Усе = = 6 V, Ic = = 2. 5mA f=1GHz 
AT-60211: Vcg = 6 V, Ic = 5.0 mA f=1 GHz 











1 dB Compressed Gain т 
АТ-60111: Vcg = 6 V, Ic = 2.5 mA f= 1 GHz 
АТ-60211: Vcg = 6 V, Ic 5.0 mA f=1 GHz 


Gain Bandwidth Product 
AT-60111: Усе = = 6 У, Is = = 2.5 mA 
AT-60211: Усе = = 6 У, Іс = = 5.0 mA 


Forward Current Transfer Ratio 




























GAIN (dB) 
Р qg (dBm) 
G, (dB) 


МЕ, (dB) 0 





FREQUENCY (GHz) ' Ie (mA) _ l (mA) 

Figure 3. AT-60111 Insertion Power Figure 4. AT-60111 Typical Output Figure 5. AT-60111 Typical Optimum 
Gain, Maximum Available Gain, and Power and 1 dB Compressed Gain Noise Figure and Associated Gain 
Maximum Stable Gain vs. | vs. Collector Current, Vcg = 6. V. vs. Collector Current and Еге- 
Frequency, Vcg = 6 V, Ic = 2.5 mA. ~ f= 1 GHz. | quency, Vcg 23 V. ` 


AT-60111 Typical S-Parameters (Vcg = 3 V, Іс = 0.4 mA) 
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GAIN (dB) 
P, qp (dBm) 


Ç“ | 
` 


| 





FREQUENCY (GHz) lo (mA) Іс(тА) 


imp 6. AT-60211 Insertion Power Figure 7. АТ-60211 Typical Output Figure 8. AT-60211 Typical Optimum 
in, Maximum Available Gain, and Power and 1 dB Compressed Gain Noise Figure and Associated Gain 

nar firi Stable Gain vs. | vs. Collector Current, Усе 26 V, ` vs. Collector Current and Fre- 

Frequency, Vcg = 6 V, Ic = 5.0 mA. f = 1 GHz. |». quency, Vcg = 3 V. | 


AT-60211 Typical S-Parameters (Vcg- 3 У, Іс = 0.8 mA) ` 
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Part Number Ordering Information 
| Part Number | ces F ee 
AT-60111-TR1 


AT-60111-TR2 


AT-60211-TR1 
AT-60211-TR2 





Package Dimensions 
SOT-143 Plastic Package 


0.45 (0.018) | 138 (0.070) 
0.55 inii (0.080; 






1.15 (0.045) _2.25 (0.089) 
1.35 (0.053) 2.65 (0.104) | 


— | 


3 2 
0.76 (0.030) 4 А 1 | 0.37 (0.015) 
0.84 (0.033) 0.45 (0.018) 





2.80 (0.110) 

3.05 (0.120) Е 

0.013 (0.0005) 

блюдо) | "090 10.0357 
E 2 
ГА E 
sn ағ” 
0.50 (0.020 0.10 (0.004 
0.70 (0.028) 0.20 (0.008) 


DIMENSIONS ARE IN MM (INCHES). 


For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 
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Б HEWLETT AT-60200 











PACKARD Up to 6 GHz Low Noise 
Silicon Bipolar Transistor 
Chip 
Features | " Chip Outline 
e Low Bias Current Operation | | | 
° Low Noise Figure: 1.9 dB typical at 2.0 GHz | B 30m 
3.0 dB typical at 4.0 GHz 18 ті A 










e High Associated Gain: 10.0 dB typical at 2.0 GHz Base Pad 


6.5 dB typical at 4.0 GHz 

° High Gain-Bandwidth Product: 9.0 GHz typical fr 

Description 

The AT-60200 is a high performance NPN silicon bipolar tran- T 

sistor chip designed for use in low noise, wide band amplifier =< ad 

and oscillator applications operating over VHF, UHF and micro- ma 

wave frequencies. | 

The die are nitride-passivated for surface protection. Excellent 

device uniformity, performance and reliability are produced by 

the use of ion-implantation, self alignment techniques, and gold 

metallization in the fabrication of these devices. 

The recommended assembly procedure is gold-eutectic die at- cs 
mitter 


tach at 400 C and either wedge or ball bonding using 0.7 mil 
gold wire. See also "Chip Use" in the APPLICATIONS section. m е 


NOISE FIGURE AND ASSOCIATED GAIN vs. FREQUENCY 
VCE = 8V, lc = 1 mA 


GA; dB 


NF, dB 





Frequency, GHz 
Electrical Specifications, ТА = 25°С 


| Symbol | Parameter and Test Conditions'2 | Units | 


NFO 





Optimum Noise Figure: VCE = 8 V, Іс = 1 mA 










Gain @ NFo: МСЕ = 8 V, ІС = 1 mA 









Insertion Power Gain: МСЕ = 8 V, Ic = 5 тА 









Power Output @ 1 dB Gain Compression: 
МСЕ = 8 V, ІС = 5 тА 


1 dB Compressed Gain: VCE = 8 V, ІС = 5 mA f = 2.0 GHz 
Gain Bandwidth Product: VCE = 8 V, Іс = 5 mA | GHz . 
Forward Current Transfer Ratio: VCE = 8 V, Ic = 5 mA 
Collector Cutoff Current: Усв = 8 V 

Emitter Cutoff Current: VEB = 1 V 


Collector Base Capacitance*: VcB = 8 V, f = 1 MHz 


Notes: 1. This chip contains 3 active devices. The performance specified applies only to the device whose base and emitter pads are indicated on the chip outline. 
2. RF performance is determined by packaging and testing 10 devices per wafer. 
3. For this test, the emitter is grounded. 














6-92 


_ AT-60200 
Low Noise Silicon Bipolar Transistor 





: š DE ium А d ЕА i r dE $ : 
NS s . .. E i x р . ; HENE wo x EN А 2-; z 
Y Ч ` Y : . I t : 2.1 $ ` . š "UNES Ed ett v 
M : OM: i] 5 . ; v 4 - ` 
г * =. U We . n t è >” š z В у = 4 е я X J 
Р, a 




















Med . Part Number Ordering Information. 


. Absolute | | | ез 
Maximum’ | күнен 
Devices Per Tray | 











"E 




































Emitter-Base Voltage 1.5 V | 
Collector-Base Voltage 20 V _ AT-60200-GP2 10 . 
Collector-Emitter Voltage 12 V . AT-60200-GP4 100 
Collector Current 16 mA AT-60200-GP6 up to 300 
Power Dissipation?? 160 mW o 
Junction Temperature 200°C . 
Storage Temperature -65°C to 200°C 
mene Typical Performance, Ta = 25°C 
1. Operation of this device above any one of these parameters (unless otherwise noted) | 
may cause permanent damage. E | 
2. TMOUNTING SURFACE = 25°С. | | 
3. Derate at 6.5 mW/°C for TMOUNTING SURFACE > 175°С. 
4. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 2: | 
OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN OUTPUT POWER AND 1 dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY vs. COLLECTOR CURRENT 
Усе 28V Үсе = 8 V, f = 2.0 GHz 





GA, dB 
G4 ав, dB 


NFo, dB 
P4 ав, dBm 





INSERTION POWER GAIN, MAXIMUM AVAILABLE 


GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 
УСЕ = 8 V, © = 5 mA 





Gain, dB 







ЕН „Ы 

Ц" М 

— БЕН ШЕННЕН БЕН ШЕВ: 
0.1 0.3 0.5 1.0 3.0 


6.0 
Frequency, GHz 
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AT-60200 


Low Noise Silicon Bipolar Transistor 


Typical Scattering Parameters: Common Emitter, Zo =500 
| S11 | 





Freq. 

GHz Mag 
0.1 .97. 
0.5 2.85 
1.0 .66 
1.5 52 
2.0 .41 
2.5 34 - 
3.0 .29 
3.5 25 





0.1 .87 
0.5 .70 
1.0 48 
1.5 32 
2.0 .24 
2.5 19 
3.0 .15 
3.5 .11 
4.0 .15 
5.0 .14 


. Ang 





-74 
-97 
-114 
-134 
-161 
-160 
178 
168 


S21 





12.51 
8.94 
6.12 
4.54 
3.50 
2.90 
2.42 
2.08 
1.87 
1.59 


A model for this device is available in the DEVICE MODELS section. 
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_ $12 


ТА = 25°C, Vcg = 8 V, im 1 mA 





ав 





—43.1 
-29.9 
—25.2 
—23.4 
—22.2 
-20.8 
-20.0 
-19.3 


| -184 


—50.5 
—31.4 
—27.7 
—26.0 
—24.4 


-23.0 
—21.7 


-20.5 
-19.5 
-17.4 


003. 
027 
041 
050 
.060 
.071 
.082 
.095 


.106 


135. 


72 - 


.81 
.76 
.73 





—26 


ТА = 25°C, Мс = 8 V, Ic =5mA 


..92 
.90 


-6 


42 


-11 
-11 


. -43 


-14 
-15 
-18 
-18 
-24 


AT-60500 | 





Ф | СЕЕ НН | Up to 6 GHz Low Noise 
Silicon Bipolar Transistor 
Chip 
Features | | О | | | Chip Outline' 


e Low Bias Current Operation 


* Low Noise Figure: 1.8 dB typical at 2.0 GHz pee анна сша 





2.8 dB typical at 4.0 GHz 


e High Associated Gain: 12.5 dB typical at 2.0 GHz 
8.0 dB typical at 4.0 GHz 


e High Gain-Bandwidth Product: 9.0 GHz typical fr 







Description 


The AT-60500 is a high performance NPN silicon bipolar tran- 
sistor chip designed for use low noise, wide band amplifier and 
oscillator applications operating over VHF, UHF and micro- 
wave frequencies. 


The die are nitride-passivated for surface protection. Excellent 
device uniformity, performance and reliability are produced by 
the use of ion-implanation, self-alignment techniques, and gold 
metallization in the fabrication of these devices. 


The recommended assembly procedure is gold-eutectic die at- 
tach at 400°С and either wedge or ball bonding using 0.7 mil 
gold wire. See also "Chip Use" in the APPLICATIONS section. 


iter P | | | 
Emitter | аа 30um DIA 


1.18 mil 


NOISE FIGURE AND ASSOCIATED GAIN vs. FREQUENCY 
\СЕ = 8 V, с = 2 mA | 


Noise Parameters: Үсе = 8 V, Ic = 2 mA 


Gamma Opt 
Mag Ang 


44 0.20 
90 0.24 


RN/50 


Gain, ав ` 


NF, dB 





155 0.20 





Frequency, GHz 
Electrical Specifications, Ta = 25°C 
Parameters and Test Conditions'? 
Optimum Noise Figure: VCE = 8 V, IC = 2 mA ` 











Gain @ NFo: УСЕ = 8 V, © = 2 mA 





PIONO ya 


= 
О № |00: 


oloolooo оо + 


Insertion Power Gain: VCE = 8 V, Ic = 10 тА 







=h 
o 


Power Output @ 1 dB Gain Compression: 
МСЕ = 8У, ІС = 10 тА ` | 

1 dB Compressed Gain: УСЕ = 8 V, lc = 10 mA 
Gain Bandwidth Product: МСЕ = 8 V, IC = 10 mA 


f 2 2.0 GHz 

















Forward Current Transfer Ratio: VCE = 8 V, Ic = 10 mA 150 300 
Collector Cutoff Current: VCB = 8 V 0.2 
. Emitter Cutoff Current: VEB = 1 V 1.0 





Collector Base Capacitance*: VCB = 8 V, f = 1 MHz 


Notes: 1. This chip contains 3 active devices. The performance specified applies only to the device whose base and emitter pads are indicated on the chip outline. 
2. RF performance is determined by packaging and testing 10 devices per wafer. 
3. For this test, the emitter is grounded. 
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AT-60500 
Low Noise Silicon Bipolar Transistor ` 










Absolute Maximum Ratinc 


ИЕ 





Emitter-Base Voltage 
Collector-Base Voltage 
Collector-Emitter Voltage _ 
Collector Current | 
Power Dissipation?? 
Junction Temperature 
Storage Temperature 


1.5 V 
20V — 
12 V 
40 mA 
400 mW 
200°С 
—65°С to 200°C 










Thermal Resistance?*: Өс = 120°C/W 


Notes: 


1. 


2. 
3. 


Operation of this device above any one of these parameters 
may cause permanent damage. 


TMOUNTING SURFACE - 25?C. 


Derate at 8.3 mW/°C for TMOUNTING SURFACE > 152°C. 

The small spot size of this technique results in a higher, though 
more accurate determination of Өјс than do alternate methods. 
See MEASUREMENTS section:"Thermal Resistance" for more 
information. | 


OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
уз. COLLECTOR CURRENT AND COLLECTOR VOLTAGE 





Absolute 
Maximum 













Part Number Ordering Information 


Devices Per Tray 

















^. AT-60500-GP2 ` ` o 
AT-60600-GP4 100 
AT-60500-GP6 





up to 300 






Typical Performance, TA = 25°C 


(unless otherwise noted) 


OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 
| ` VcE=8 V | | 


NFo, dB 
NFo, ‘dB 





OUTPUT POWER AND 1 dB COMPRESSED 
. GAIN vs. COLLECTOR CURRENT AND FREQUENCY 






f = 2.0 GHz 
0 
© 
« 
o 
E 
tn 
9 
a 
© 
d 
t 
9 Е 
m 
ч 
о 
INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 
VCE = 8 V, lc = 10 mA | | 
- | [III 
30 
25 
tn 
9 20 
£ 
| Š 15 





| s | 
РЕП 
БЕН Lilli ee 
Е 0.1 0.3 0.5 1.0 28.0 


Frequency, GHz 





УСЕ =8 V 








_  - INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 
Усе = 8 У 
2 An 
16 
m 
v 
2 12 
о 
Q 
ш g 
N 
o 
4 
0 
02 10 15 20 25 - 
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AT-60500 
Low Noise Silicon Bipolar Transistor 














Typical Scattering Parameters: Common Emitter, Zo = 50 © TA = 25°С, Ус = 8 V, Ic = 2 mA 
Freq. S1 S21 $12 $22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 97 -6 16.7 6.86 176 -40.0 010 85 92 -7 
0.5 88 1-34 143 5417 149 -27.3 .043 4 9 | -13 
1.0 74 -72 12.0 4.00 127 -23.3 .068 55 84 -16 
1.5 60 -101 10.2 3.22 112 -22.6 074 48 76 -19 
2.0 57 -123 9.0 2.83 97 -21.6 083 43 71 -22 
2.5 53 -140 7.7 2.43 88 -21.4 085 45 69 -23 
3.0 49 -158 6.5 2.11 79 -21.4 085 50 67 ^ -24 
3.5 50 —167 5.3 1.85 73 -21.0 089 51 _.66 -26 
4.0 50 -176 4.2 1.63 68 -20.6 093 . 56 66 -28 
4.5 50 174 3.1 1.43 61 -20.5 1095 58 67 -30 
5.0 50 166 2.3 1.30 56 -20.0 100 6 ` ` .68 -32 ` 
5.5 .52 158 21.7 1.22 50 -194 1107 67 67 -36 
6.0 50 148 0.8 1.10 45 —18.9 .114 70 .69 -39 

TA = 25°С, Vce = 8 V, ic = 10 mA 

0.1 68 -21 26.9 22.02 166 -40.9 009 80 95 -7 
0.5 55 -93 22.5 13.27 123 -31.7 026 60 74 -20 . 
1.0 46 —137 17.8 7.78 101 -28.9 036 58 63 -17 
1.5. 44 -160 14.7 5.41 90 -27.1 044 65 58 -16 
2.0 44 -173 |» 122 4.05 82 -25.5 053 68 87-17 
2.5 45 178 10.5 3.36 77 -23.9 064 72 2-57 -18 
3045 169 9.1 2.84 71 -22.5  .075 76 56 -20 
3.5 46 163 7.8 2.45 66 -21.4 085 78 56 -22 
4.0 46 157 6.7 2.16 63 -20.4 096 81 57 -24 
4.5 47 150 5.5 1.88 56 —19.5 .106 80 58 -27 
5.0 47 144 4.7 1.72 53 —18.6 117 83 59 _ -28 
5.5 50 140 4.0 1.58 48 | -178 .129 83 | 259 -32 


6.0 .49 132 3.1 1.43 43 —17.1 .139 82 61 —36 ` 
A model for this device is available in the DEVICE MODELS section. 
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m— А 60510 и 
Í PACKARD o Up to 6 GHz Low Noise 
жыды | . Silicon Bipolar Transistor 


Г? 








Features | : m | | . . 100 mil Package: 
Low Bias Current Operation: : | m 4 


Low Noise Figure: 1.8 dB typical at 2.0 GHz 
2.8 dB typical at 4.0 GHz 


e High Associated Gain: 12.0 dB typical at 2.0 GHz 
. T.5 dB typical at 4.0 GHz 


° High Gain-Bandwidth Product: 8.0 GHz typical fr 
° Hermetic Gold-ceramic Microstrip Package 





Description 020 
Тһе АТ-60510 is a high performance NPN silicon bipolar tran- mE 
Notes: 


sistor housed in a hermetic, high reliability package. This de- 


2L |EMITTER (unless ott 
vice is designed for use in low noise, wide band amplifier and 2 (unless otherwise specified) 


B іп 
oscillator applications ee over VHF, UHF and micro- | 2 | m E .. аге mm ` 
wave frequencies. | ` ` dn xxx = +.005 | 

| | тт.хх- 3.13 
Excellent device uniformity, performance and reliability are | .004+.002 100 EC | 
produced by the use of ion-implantation, self-aligiment tech- — 10 + .05 2.54 B | 


niques, апа gold an: in the fabrication of these i | 
devices. | . TENES d | 


NOISE FIGURE AND ASSOCIATED GAIN 12.57 + .76 .76 


уз. FREQUENCY 


VCE = 8 V, Іс = 2 mA 


Outline 10A 


Noise Parameters: Үсе = = 8 V, с = 2 тА 


GA, dB 


NF, dB 





Frequency, GHz 


Electrical Specifications, TA = 25°C 





Parameters and Test Conditions 







NFO 


Optimum Noise Figure: VCE = 8 V, Іс = 2 mA 


Gain € NFo: МСЕ = 8 V, © = 2 тА 








Insertion Power Gain: VCE = 8 V, Ic = 10 mA 










Power Output @ 1 dB Gain Compression: 
МСЕ = 8 V, ІС = 10 mA 


1 dB Compressed Gain: VCE = 8 V, ІС = 10 mA dB 


Gain Bandwidth Product: VCE = 8 V, Ic = 10 mA | GHz | | 80 | 














Forward Current Transfer Ratio: VCE = 8 V, IC = 10 mA 300 
Collector Cutoff Current: VcB = 8 V ЦА 0.2 
Emitter Cutoff Current: VEB = 1 V ША 1.0 






Collector Base Capacitance’: VCB = 8 V, f = 1 MHz 
Note: 1. For this test the emitter is grounded. 
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Absolute Maximum Ratings 


Parameter | Symbol 




































Emitter-Base Voltage VEBO 1.5 V 
Collector-Base Voltage 20 V 
Collector-Emitter Voltage 12 V 
Collector Current 40 mA 
Power Dissipation?? 400 mW 
Junction Temperature 200?C 
Storage Temperature —65°С to 200°С 








Thermal Resistance?*: Өс = 200°C/W 


Notes: 
1. Operation of this device above any one of these parameters 
may cause permanent damage. 


2. TCASE = 25°C. 


3. Derate at 5 mW/°C for Tc > 120°C. i 

4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND COLLECTOR VOLTAGE 


f = 2.0 GHz 


СА, dB 





INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 


VcE = 8 V, ic = 10 mA 


-NJ | LLL. 


Аи [ГЕ 
c ||| 









Gain, dB 


Frequency, GHz 
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Absolute 
Maximum' 


P4 dB: dBm 


NFo, dB 


AT-60510 
Low Noise Silicon Bipolar Transistor 


Typical Performance, Ta = 25°С 


(unless otherwise noted) 


G1 ав, dB 


СА, dB 


IS 34g! Gain, dB 





OUTPUT POWER AND 1 dB COMPRESSED GAIN 
| vs. COLLECTOR CURRENT AND FREQUENCY ` 


VCE = 8V 





OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


VcE=8 V 


NFo, dB 


INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


VcE=8 V 








AT-60510 
Low Noise Silicon Bipolar Transistor 


Typical Scattering Parameters: Common Emitter, Zo = 50 Q ТА = 25°C, Ус = 8 V, Ic =2mA 

















Freq. S11 S21 | MEM S12 S22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
—————————————————MÉÉÓMÉ LÁ "mg 
0.1 .95 -10 15.9 6.25 171 —39.2 .011 91 _ .99 | 74. 
0.5 .86 -47 14.8 5.46 141 -26.8 046 61 _.92 | -19 
1.0 .71 -82 12.4 4.16 112. -23.0 071 43 83 -31 
1.5 59 -108 — 10.3. 3.26 92 . -21.8 082 · 33 .76 -38 
2.0 .52 —131 ,. 8.4 2.63 76 . -21.2 088 26 72 - -44 
2.5 48 . -146-- 7.0 2.25 66 — -20.4 .095 27 .70 ‚ —45 
3.0 4 —162 5.8 1.94 54 -21.0 .089 24 .68 -50 
3.5 45 —178 |^ 4.6 1.71 42 — -20.4 096 | 21 .69 > -56. 
4.0 43 167 | 3.6 1.52 31 -20.0 .100 22 .70 —63 ` 
4.5 4 152 ; 2.8 1.38 _ 20 г .-19.6 105 20 22.70 _ 9-68 
5.0 .41 134 2.0 1.26 | 9 —19.1 .111 18 .70 —73 
5.5 - 43 | 116  .14 1.17 ` 0. -18.5 .119 16 .70 -77 — 
6.0 48 101 07. 1.09 -10 -18.2 .123 16 67 2-83 
| ТА = 25°С, Vce = 8 V, lc = 10 mA 
0.1 71 —26 26.6 21.30 162 —39.2 .011 75 2.96 2-9 
0.5 .55 -100 22.1 12.77 116 -30.8 029 50 .71 -27 
1.0 46 —141 17.3 7.36 90 -27.6 042 — 43 = 59 —31 
1.5 43 —165 14.1 5.11 76 —25.6 052 ` 48 OT -35 
2.0 42 178 11.8 3.91 64 -242 _ .061 |. 45 055 -40 
2.5 .43 168 10.1 3.21 57 Дә-34 068 54 54 7-4: 
3.0 .43 157 8.7 2.72 48 -21.8 081 53 .54 —47 
3.5 44 145 7.5 2.37 37 -20.8 „092 50 .55 -55 
4.0 44 134 6.4 2.10 27 -19.8 .102 45 .56 —62 
4.5 .43 121 5.5 1.88 17 -18.9 .114 42 .58 —69 
5.0 44 106 4.6 1.71 7 -18.2 .123 38 .59 —76 
5.5 .47 92 3.8 1.56 -1 —17.5 .134 33 .59 -81 
6.0 .52 81 3.1 1.42 -11 -16.8 .145 29 57 —88 


А model for this device is available in the DEVICE MODELS section. 
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HEWLETT. |. ` " |, АТ-60535 | | (| 
PACKARD ` ` | .. Up to 6 GHz Low Noise 


Silicon Bipolar Transistor 


С 








Features | DIST 35 micro-X Package 


e Low Bias Current Operation: — 
e Low Noise Figure: 1.8 dB typical at 2.0 GHz 
. 2.8 dB typical at 4.0 GHz | 
e High Associated Gain: 12.0 dB typical at 2.0 GHz 
|. 7B dB typical at 4.0 GHz 
e High Gain-Bandwidth Product: 8.0 GHz typical fr- 
е Cost Effective Ceramic Microstrip Package 


EMITTER 






Description 


The AT-60535 is a high performance NPN silicon bipolar tran- 
sistor housed in a cost-effective, microstrip package. This de- 
vice is designed for use in low noise, wide band amplifier and 


- Notes: 


oscillator applications operating over VHF, UHF and micro- | | (unless otherwise specified) 
wave frequencies. | 


Excellent device uniformity, performance and reliability are .057 +.010 .100 2. Tolerances 
produced by the use of ion-implantation, self-alignment tech- 1.45 * .25 2.54 in .xxx = *.005 
niques, and gold metallization in the fabrication of these | mm .хх = %.13 
devices. Y = 


NOISE FIGURE AND ASSOCIATED GAIN. ` | | | 
DE FREQUENGY е ЗАН | 422 . _ 455 ғ.030 Mun 
.56 11.54 = .76 


VcE = 8 V, lc = 2 mA 


епа! іп 
1. Dimensions аге mm 


СА, dB 


NF, dB 








Frequency, GHz 


Electrical Specifications, TA = 25°С 


NFO 


Parameters and Test Conditions 









Optimum Noise Figure: VCE = 8 V, С =2 тА 









__ Gain @ NFo: VCE = 8 V, с =2тА 


Insertion Power Gain: VCE = 8 V, Ic = 10 mA ` 






Power Output @ 1 dB Gain Compression: 
VcE=8V,IC=10mMA | jS m 

1 dB Compressed Gain: VCE = 8 V, Ic = 10 mA 

Gain Bandwidth Product: VCE = 8 V, Ic = 10 mA 

^ .. Forward Current Transfer Ratio: УСЕ = 8 V, Ic = 10 mA 

Collector Cutoff Current: VCB = 8 V 

Emitter Cutoff Current: VEB = 1 V 

Collector Base Capacitance': VCB = 8 V, f = 1 MHz 

Note: 1. For this test the emitter is grounded. 
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AT-60535 
Low Noise Silicon Bipolar Transistor 


Absolute Maximum Ratings 


Maximum 


Emitter-Base Voltage 
Collector-Base Voltage 
Collector-Emitter Voltage 
Collector Current 
Power Dissipation?’ 
Junction Temperature 
Storage Temperature^ 


Thermal Resistance?*: Өс = 225°C/W 


Notes: 


1. Operation of this device above any one of these parameters 
may cause permanent damage. 


2. ТСАЗЕ = 25°С. 


3. Оегае at 4.4 mW/°C for Тс > 110°C. 

4. Storage above +150°С may tarnish the leads of this package 
making it difficult to solder into a circuit. After a device has 
been soldered into a circuit, it may be safely stored up to 200°C. 


9. The small spot size of this technique results in a higher, though 
more accurate determination of Ө than do alternate methods. 
See MEASUREMENTS section “Thermal Resistance” for more 
information. 
















400 mW 
200°C 
—65°C to 200°C 









OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND COLLECTOR VOLTAGE 


f = 2.0 GHz 


GA; dB 


NFo, dB 





INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 


УСЕ = 8 V, lc = 10 mA 


ПИ 
eet ttt 


Gain, dB 





0.1 0.3 0.5 1.0 3.0 6.0 
Frequency, GHz 
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Typical Performance, Ta = 25°C 


(unless otherwise noted) 


P4 dp. dBm 


G4 qp. dB 





OUTPUT POWER AND 1 dB COMPRESSED GAIN 


vs. COLLECTOR CURRENT AND FREQUENCY 


VcE =8 V 





OPTIMUM NOISE FIGURE AND ASSOCIATED САМ 
vs. COLLECTOR CURRENT AND FREQUENCY 


VcE=8 V ` 


INSERTION POWER GAIN 


vs. COLLECTOR CURRENT AND FREQUENCY 


VcE=8 V 





NFo, dB 


AT-60535 
Low Noise Silicon Bipolar Transistor 








Typical Scattering Parameters: Common Emitter, Zo = 50 © ТА = 25°С, Ус = 8 V, Ic = 2 mA 
Peg 2". = Su — S | 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
oi . 94 .. -10 166 67. 1711-5920 O11 92 99-4 
0.5 88 ` -47 1523 580 139 | -27.6 042 _ 63 92 -17 
1.0 64 -84 127 4.33 109 -23.8 065 44 81 -27 
1.5 50 4481106 3.38 90 -22.4 075 41 74 -33 
2.0 42 -137 8.7 2.73 74 -21.6 083 37 70 -38 
2.5 37 -156 75 | 233 64 -21.0 090 38 67 240 
3.0 37 -177 74 2.02 51 -20.8 .092 43 66-47 
3.5 37 164 50 1.77 39 -19.7 103 41 66 —56 
4.0 36 148 4.0 1.57 27 -19.2 110 42 67 -64 
4.5 37 131 || 3.0 1.42 17 -18.3 21 42 69 -70 
5.0 38 113 || 22 1.29 6 -17.1 140 43 69 -76 
5.5 43 93 1.5 1.19 -3 -15.9 159 39 69  . -82 
60 ...50 80 0.8 1.09 -14 -15.0 178 36 66 1-91 

| TA = 25°С, Ус; = 8 V, с = 10 mA 
0.1 77 -24 = 270 22.31 160 -41.0 009 76 96 -8 
0.5 47 -90 |. 22.0 12.51 113 -31.0 028 58 72 -22 
1.0 324-1210 17.0 7.08 89 -27.2 044 _ 60 63 _ -25 

15 . 28. --159 _ 13.8 4.90 74 -25.0 056 57 60 -28 
20 . 27. 176 11.5 3.77 63 -23.0  .070 58 .59 -33 
25. 28 _ 162 || 99 3.11 56 — -21.6 083 _ 62 57 -35 
3.0 30 149 — 8.4 2.64 46 -20.4 096 60 56 -43 
3.5 32 136 7.2 2.31 36 -19.1 111 57 57 -52 
4.0 33 124 6.2 2.04 2 -178 129 53 58 60 
4.5 34 110 5.2 1.83 16 | | -167 147 · 50 60 67 
5.0 36 95 4.4 1.67 6 -15.6 166 45 61 -73 
5.5 At 81 3.7 1.53 -2 -14.9 180 40 61 -79 
6.0 49 7 72 30 14 -12 -14.2 196 36 57 -87 


олу. е 


A model for this device is available in the DEVICE MODELS section. 
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Сл HEWLETT AT-60570 
J PACKARD "E | Up to 6 GHz Low Noise 
Silicon Bipolar Transistor 


wawww vr 
Features z | 70 mil Package 


e Low Bias Current Operation: 


e Low Noise Figure: 1.8 dB typical at 2.0 GHz 
2.8 dB typical at 4.0 GHz 


e High Associated Gain: 12.5 dB typical at 2.0 GHz 
8.0 dB typical at 4.0 GHz 


° High Gain-Bandwidth Product: 8.0 GHz typical fr 
° Hermetic Gold-ceramic Microstrip Package | 


Description 
The AT-60570 is a high performance NPN silicon bipolar tran- 





sistor housed in a hermetic, high reliability package. This de- (unless otherwise specified) 
vice is designed for use in low noise, wide band amplifier and | 1. Dimensions аге т 
oscillator applications operating over VHF, UHF and micro- 2. Tolerances 


in .Xxx = +.005 
EMITTER mm .хх = +.13 


№ 


wave frequencies. 


Excellent device uniformity, performance and reliability are 
produced by the use of ion-implantation, self-alignment tech- 
niques, and gold metallization in the fabrication of these 
devices. 


+ 
© 
© 
N 

© 
~y 
© 


NOISE FIGURE AND ASSOCIATED GAIN 
vs. FREQUENCY 


at, 
l5 
{л 
co 
H I+ 
8 
OS 
bB 
Ol 


=a | © 
© 
| 8 
H- 
= 
л 
У) 
~j 
Б © 


Vece = 8 V, ic = 2 тА 


Gamma Opt 
Anc Rn/50 


СА, dB 





Frequency, GHz 


Electrical Specifications, TA = 25°C 


Symbol Parameters and Test Conditions | Units | 
































NFo Optimum Noise Figure: Vcg = 8 V, lc = 2 mA dB 
GA Gain © МЕО: МСЕ = 8 V, с = 2 mA dB 
|5216]? Insertion Power Gain: УСЕ = 8 V, Ic = 10 тА f = 2.0 GHz 
| f 2 4.0 GHz 
P1 dB Power Output @ 1 dB Gain Compression: f 2 2.0 GHz dBm 
МсЕ = 8 V, Іс = 10 mA 
1 dB Compressed Gain: Vcg = 8 V, Ic = 10 mA f = 2.0 GHz dB 








Gain Bandwidth Product: VcE = 8 V, Ic = 10 mA 
Forward Current Transfer Ratio: Vcg = 8 V, Ic = 10 mA 


8 
T 
[N 





Collector Cutoff Current: Усв = 8 V uA 
Emitter Cutoff Current: VEB = 1 V ША 
Collector Base Capacitance’: Усв = 8 V, f = 1 MHz pF 


Note: 1. For this test the emitter is grounded. 
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Absolute Maximum Ratings 


т Absolute 
т Maximum' 


1.5 V 


Parameter 


















Emitter-Base Voltage 









Collector-Base Voltage 20 V 
Collector-Emitter Voltage 12V 
Collector Current 40 mA 
Power Dissipation?3 400 mW 
Junction Temperature 200°С 

to —65°С to 200°C 


Storage Temperature 


Notes: * | | | 
1. Operation of this device above any one of these parameters 
may cause permanent damage. 
2. TCASE = 25°С. s 
3. Derate at 5 mW/°C for Tc > 120°C. 
4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 


See MEASUREMENTS section "Thermal Resistance" for more 
information. | | 


OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND COLLECTOR VOLTAGE 





f = 2.0 GHz 
@ 
9 
< 
© 
INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 
УСЕ = 8 V, lc = 10 mA 

£n 

ч 

Е 

б 

6 





Frequency, GHz 
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NFo, dB 


15 1612 Gain, dB 


АТ-60570 
Low Noise Silicon Bipolar Transistor 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


OUTPUT POWER AND 1dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


VcE=8V 


P4 dB: dBm 


G4 ав; dB 





OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


СА, dB 


NFo, dB 





INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


VceE=8V 








AT-60570 


Low Noise Silicon Bipolar Transistor 


Typical Scattering Parameters: Common Emitter, Zo -500 


A model for this device is available in the DEVICE MODELS section. 
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TAz 25°С, Усе = 8 V, lc = 2 ТА 








Freq. — ôn ç | S21 $12 |. $22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
— — $< CQ 
0.1 95 -10 16.6 6.74 171 —38.4 .012 86 _ .99 | — _ 
0.5 .86 —48 15.3 5.81 141 —27.2 .044 63 .92 —19 
1.0 .72 -83 12.8 4.38 113 —23.0 .070 43 .81 —30 
1.5 62 —108 10.7 3.42 95 —22.0 .080 35 .74 —37 
2.0 .96 —128 8.8 2.75 80 —21.2 .088 28 .70 2-43 
2.9 .52 —141 7.4 2.34 72 —20.6 .094 28 .67 —44 
3.0 51 —153 6.1 2.02 61 -20.8 .092 27 .66 -51 
3.5 51 —164 4.9 1.75 50 —20.4 .095 24 .67 -58 
4.0 49 —172 3.8 1.55 40 —20.0 .099 25 _ .67 —65 
4.5 .48 179 2.8 1.38 31 —19.8 -.102 22 .69 -71 
5.0 .46 169 2.1 1.27 · 22 —19.5 .106 21 69 —76 | 
5.5 44 158 1.5 1.19 14 —19.2 .110 20 .70 -80 
6.0 44 145 09 — 1.11 4 -18.4 .120 20 | — 69 -86 
mu i C —-M——ÀH—-—À —— ———— 
| TA = 25°С, Vcg = 8 V, lc = 10 mA 
0.1 .77 —26 27.3 23.25 161 —39.2 .011 79 .96 |-9 
0.5 .57 —98 22.6 13.51 116 —31.0 .028 49 ‚69 2-27 
1.0 .49 —136 17.8 7.72 92 —27.8 .041 45 .58 —31 
1.5 45 —156 14.6 5.36 79 —26.2 .049 45 54 -34 
2.0 44 —171 12.3 4.10 69 —24.6 .059 48 .53 -39 
2.5 44 —177 10.5 3.35 63 —23.0 .070 51 52 —39 
3.0 .45 174 9.1 2.84 55 -23.0 071 52 .52 -47 
3.5 .45 167 7.8 2.46 46 —21.4 .086 52 53 —56 
4.0 44 160 6.7 2.16 37 —20.2 .097 50 .55 -63 
4.5 42 153 5.7 1.92 29 -19.3 .108 47 .57 -70 
5.0 .40 144 4.9 1.75 21 —18.7 .116 44 .59 —75 
5.5 .40 132 4.2 1.62 13 —18.1 .124 41 .60 -79 
6.0 .41 121 3.5 1.49 4 —17.3 .137 38 .60 —86 


AT-60585 
"ЧА HEWLETT | А E ^3 | —— 
D PACKARD | | Up to 6 GHz Low Noise 


Silicon Bipolar Transistor 





а о CMM CMM MEM 


Features | 85 Plastic Package 
e Low Bias Current Operation | 
e Low Noise Figure: 1.4 dB typical at 1.0 GHz = = = 

1.9 dB typical at 2.0 GHz | | EMITTER (4 - 







e High Associated Gain: 16.5 dB typical at 1.0 GHz 
11.5 dB typical at 2.0 GHz 


e High Gain-Bandwidth Product: 8.0 GHz typical fr 


| | | COLLECTOR 
e Low Cost Plastic Package 


3 š 


ЖЕ Notes: E 
Description (unless otherwise specified) 
The AT-60585 is a high performance NPN silicon bipolar tran- | 1. Dimensions аге mr 
sistor housed in a low cost pastic package. This device is de- EMITTER 2. Tolerances 
signed for use in low noise, wide band amplifier and oscillator = - pes 
applications operating over VHF, UHF and microwave frequen- .085 mm .xx = 4.13 
cies. 1060 5.010 2.15 
Excellent device uniformity, performance and reliability are Idi — :008 1.002 
produced by the use of ion-implantation, self-alignment tech- | 9 20 = .05 
niques, and gold metallization in the fabrication of these "3 Е: 
devices. EI 

| кене .500:.00 — — А 
NOISE FIGURE AND ASSOCIATED GAIN .020 12.7 = .76 


vs. FREQUENCY | .91 
УСЕ = 8 V, Іс = 2 mA | 





Gamma Opt 
Mag Ang 


GA, dB 


NF, dB 





Frequency, GHz 


Electrical Specifications, TA = 25°С 


Parameters and Test Conditions | Unis | Min ` Typ. 


Optimum Noise Figure: VCE = 8 V, lc = 2 mA 















Gain @ МЕО: VcE = 8 V, Ic = 2 mA 





ie куз 
ло | лолу oon 


Insertion Power Gain: VCE = 8 V, Ic = 10 mA 


— 
oO 
o 


«= =b 
=b, 





Power Output @ 1 dB Gain Compression: 
МСЕ = 8 V, ІС = 10 mA | 


1 dB Compressed Gain: МСЕ = 8 V, ІС = 10 mA #=2.0 GHz 


. Gain Bandwidth Product: МСЕ = 8 V, Ic = 10 mA | GHz | |  . 
















11.5 
Forward Current Transfer Ratio: МСЕ = 8 V, ІС = 10 mA 300 
Collector Cutoff Current: VcB = 8 V ЦА 0.2 
Emitter Cutoff Current: VEB = 1 V ЦА 1.0 





Collector Base Capacitance’: VCB = 8 V, f = 1 MHz 
Note: 1. For this test the emitter is grounded. 
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AT-60585 
Low Noise Silicon Bipolar Transistor 


Absolute Maximum Ratings 


Absolute 
Maximum’ 













Parameter 





| | 





























Emitter-Base Voltage 1.5 V 
Collector-Base Voltage . 20V 
Collector-Emitter Voltage 12 V 
Collector Current | 40 mA 
Power Dissipation?? 400 mW 
Junction Temperature 150°С 






Storage Temperature | —65°С to 150°C 


Thermal Resistance?*: Өјс = 180°C/W 


Notes: 

1. Operation of this device above any one of these parameters 
may cause permanent damage. 

2. ТСАЅЕ = 25°C. 


Derate at 5.6 mW/°C for Tc > 78°C. 


3. 
4. See MEASUREMENTS section “Thermal Resistance” for more 
information. b | 





OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND COLLECTOR VOLTAGE 


f = 2.0 GHz 





0 1 5 10 15 20 25 


Ic, mA | 


INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 


VcE = 8 V, lc = 10 mA 


Gain, dB 





Frequency, GHz 
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NFo, dB 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


P4 ав, dBm 


G4 ав, dB | 





IS 24E! 2 Gain, dB 


OUTPUT POWER AND 1 dB COMPRESSED GAIN. 
vs. COLLECTOR CURRENT AND FREQUENCY 


VcE=8V 





OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY 


INSERTION POWER GAIN 
vs. COLLECTOR CURRENT AND FREQUENCY | 


УСЕ = 8 V 





NFo, dB 


AT-60585 
Low Noise Silicon Bipolar Transistor 











Typical Scattering Parameters: Common Emitter, Zo = 50 © ТА = 25°C, Vcg = 8 V, lc = 2 mA 
Freq. Sn S> Sta se _ 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .95 -10 16.3 6.56 171 -38.5 012 82 99 -4 
0.5 .84 1-30 15.1 5.66 139 -26.0 050 61 90 -18 
1.0 67 -86 12.5 4.22 110 -22.6 074 43 78 -29 
1.5 55 -114 10.4 3.29 90 -21.1 .088 35 70 -35 
2.0 48 ^ -139 8.4 2.64 74 -20.3 .096 29 65 -41 
2.5 44 -155 7.0 2.25 65 -20.4 096 33 53 -41 
3.0 44 -174 5.7 1.92 53 —19.9 101 _ 32 60 —48 
3.5 44 171 4.5 1.67 42 —19.7 104 28 62 —54 
4.0 44 157 3.3 1.47 30 -19.2 . .109 29 .63 -61 
4.5 44 144 2.3 1.31 20 -18.8 115 30 65 -66 
5.0 44 128 1.5 1.19 11 —18.2 424 | 29 _.66 -70 
5.5 47 110 0.8 1.10 1 -17.4 135 29 64 -74 
6.0 5000 94 _ 0.1 1.01 -9 —16.7 146 | 27 62 .—80 

| Е ТА = 25°С, Ус = 8 V, с = 10 mA 
0.1 73 -28 27.0 22.47 160 -39.5 011 84 .96 | -9 
0.5 52 -105 21.9 12.44 113 -30.8 029 49 68 -23 
1.0 44 —145 169 7.00 90 -28.1 .039 51 58 -25 _ 
1.5 41 —168 13.7 4.85 76 -25.8 051 57 55-28 
2.0 41 174 11.4 3.70 65 -24.2 061 — 57 > 553 -33 
2.5 42 165 . 9.7 3.06 6 |  ) -228 072 58 51 -34 
3.0 44 155 8.1 2.56 51 _ -21.3 .086 64 2450 X) -4 
3.5 46 1465 ` 7.0 2.23 41 -20.2 | 2.0980 60 50  . -50 
4.0 46 136 5.8 1.96 32 —18.8 114 58 52 -59 
4.5 46 127 4.9 1.75 23 -17.7 130 57 53 -65 
5.0 47 115 4.0 1.58 14 -17.0 14 52 54 ^ 1. 
5.5 50 103 3.3 1.46 5 _-16.0 159 - 47 54 -75 
6.0 55 91 2.5 1.34 -3 -15.0 477 42 ` | .51 -84 


A model for this device is available in the DEVICE MODELS section. 
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OF HEWLETT . | | — . AT-60586 m 
PACKARD. EE | I Up to 6 GHz Low Noise 
| Silicon Bipolar Transistor 





Features | | | Ё E 86 Plastic Package 
Low Bias Current Operation | 


$ 
e Low Noise Figure: 1.4 dB typical at 1 .0 GHz 
1.9 dB typical at 2.0 GHz 


e High "— Gain: 16.0 dB typical at 1.0 GHz 
11.0 dB typical at 2.0 GHz 


High Gain-Bandwidth Product: 8.0 GHz typical fr 
Surface Mount Plastic Package 
Tape-and-Reel Packaging Option Available' 


Description . | 3.05 (0.120) _ 


2.16 (0.085) 
The AT-60586 i is a high T NPN silicon bipolar tran- 
sistor housed in a low cost, surface mount plastic package. This — | | 
device is designed for use in low noise, wide band amplifier and MM | 
oscillator applications qe. over VHF, UHF and micro- 





0.25 (0.010) 





0.15 (0.006) 
wave frequencies. | EUITUS dq 
Excellent device uniformity, performance and reliability are pro- | Ws 
duced by the use of ion- -implantation, self-alignment tech- NS | 
niques, and gold metallization in the fabrication of these | | 7 (0.026) 
devices. | 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 
NOISE FIGURE AND ASSOCIATED GAIN 


vs. FREQUENCY 


УСЕ = 8 V, Іс =2 mA 


Ga, dB 


NF, dB 





Frequency, GHz 


Electrical Specifications, TA = = =. 








Power Output @ 1 dB Gain Compression: 
МСЕ = 8 V, ІС = 10 mA 
1 dB Compressed Gain: VcE = 8 V, IC = 10 mA 












f = 2.0 GHz 








Forward Current Transfer Ratio: VCE = 8 V, IC = 10 mA 
Collector Cutoff Current: VcB = 8 V 

Emitter Cutoff Current: VEB = 1 V 

Collector Base Capacitance?: VcB = 8 V, f = 1 MHz 


Notes: 1. Refer to PACKAGING section "Tape-and-Reel Packaging for Semiconductor Devices." 
2. For this test, the emitter is grounded. 
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AT-60586 
Low Noise Silicon Bipolar Transistor 


Absolute Maximum Ratings 


Com [me 


Emitter-Base Voltage o | 
Collector-Base Voltage 
Collector-Emitter Voltage 
Collector Current 

Power Dissipation?? 
Junction Temperature 


















Absolute 


Maximum’ Part Number Ordering Information 


| Part Number | Devices Per Reel |^ ReelSze | 


AT-60586-TR1 1000 7 
AT-60586-TR2 | 4000 13” | 


For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 



















Storage Temperature | —65°С to 150°С 

Thermal Resistance?*: Өс = 190°C/W | | 
Notes: | Й E . Typical Performance, Ta = 25°C 
1. Operation of this device above any one of these parameters _ (unless otherwise noted) 


may cause permanent damage. 
2. ТСАЗЕ = 25°С. ` ` 
3. Оегае at 5.3 mW/°C for ТС > 74°C. 


4. See MEASUREMENTS section "Thermal Resistance" for more 
information. . | ES _ 


OPTIMUM NOISE FIGURE AND. ASSOCIATED GAIN _ OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 


vs. COLLECTOR CURRENT AND COLLECTOR VOLTAGE _ vs. COLLECTOR CURRENT AND FREQUENCY 
f22.0GHz | | Усе =8 V 


13 









а 1 m 
< 10 e 
« 
© o 
6 
5 | 
4 9 а 
о - 
3 Ó 
2 2 z 
1 
0 1 5 10 15 20 25 
Ic, mA 


OUTPUT POWER AND 1 dB COMPRESSED GAIN 
vs. COLLECTOR CURRENT 


VcE = 8 V, f = 2.0 GHz 





£ 
0 
© 
са 
© 
d 
tn 
9 
a 
© 
S 
INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN INSERTION POWER GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY vs. COLLECTOR CURRENT AND FREQUENCY 
VCE = 8 V, lc = 10 mA УсЕ = 8 V 


Gain, dB 





Frequency, GHz 


6-111 


АТ-60586 


Low Noise Silicon Bipolar Transistor 


Typical Scattering Parameters: Common Emitter, Zo = 500. 











ТА = 25°С, Үсе = 8 V, lc =2 mA 











Freq. S1 S21 са S12 S22 

GHz Mag Ang dB Мад Ang . dB Ма Апа Mag Ang 
0.1 95 -10 16.4 660° 171 -39.7 010 © 81 "99 _ -4 
0.5 .83 . -bO _ 15.2 5.76 139 —25.8 .051 63 . 90 -18 
1.0 65 -91 12.6 4.26 110 -21.7 082 43 76 29 
1.5 55 -125 . 10.5 336 88 -20.6 093 33 67 7-26 
2.0 .50 -153 8.5 2.64 _ 71 -20.1 .099 29 .61 27—402 
2.5 49. -173 |. 7.1 2.27 60 -19.6 .105 29 .58 2-45 
3.0 .49 166 5.8 1.94 ` 46 -19.6 .105 24 .55 . 51 
3.5 .51 151 4.6 1.69 34 -188 414 25 .54 -59 

_ 4.0 .54 138 | 3.4 1.48 | 23 -185 119. 24 . 52 68 ` 
4.5 58 127 2.5 1.34 12 . = -180 125 25 — 24812-77 
5.0 61 117 1.7 1.22 1 -17.3 .137 ~ 24 (o JB c --89 . 
5.5 63 109 1.0 : 1.12 — -8 -16.7 .146 22 .50 -102 
6.0 65 102 0.3 . 1:03 C 19 | -15.9 416 22. . 60. —116 
ТА = 25°C, Ус = 8 V, lc = 10 mA 

0.1 .76 -28 27.0 22.34 160 -40.8 009 76 _ „95 | 7-210 
0.5 .51 -105 22.1 12.77 112 -30.2 224031 49 _ .66 | —26 
1.0 42 —149 17.0 7.08 88 -26.5 | 2.47 48 |. 54 27 
1.5 .42 —175 13.8 4.92 73 -24.9 .057 50 .49 | -81 
2.0 44 165 11.5 3.75 60 -23.0 071 51 47 -36 
2.5 46 155 9.8 3.08 52 -213 06 2523-45 -40 
3.0 .48 143 8.2 2.56 42 -206 093 _ 48 _ .44 -46 
3.5 52 134. 7.1 - 2.27 32 . 219.1 2111 46 ` 42 -55 
4.0 .55 125 . 6.0 2.00 22 -18.4 ..120 · _ 44 ^ (40 —64 
4.5 569 117 | 5.0 1.77 | 13 —17.3. .136 41. 39 -75 
5.0 62 110 4.1 1.61 223 -16.4 151 36 98 -88 
5.5 64. 104 3.3 1.45 ~ -5 -15.9 - .160 34 22498 ` -100 
6.0 66. 98 | 2.5 1.34 -15 = > 30 48 -117 


` —15.0 .178 
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ГЕ o. BEEN mE _ AT-64020 | 
m mE BEEN J. Up to 4 GHz Linear Power 


Silicon Bipolar Transistor 


С 








Features m Us = Е 200 mil ВеО Package 


e High Output Power: 
28.0 dBm typical P1 as at 2.0 GHz 


27.0 dBm typical P1 asat 4.0 GHz. — a errr т 


e High Gain at 1 dB Compression: =. | .300+.025 
10.0 dB typical Gi: ав at 2.0 GHz жы ы” 930 
6.5 dB typical С: вв at 4.0 GHz. | | 


° 35% Total Efficiency ə> 11 
e Emitter Ballast Resistors ` 
e Hermetic, Metal/Beryllia Microstrip — 





_ NO REFERENCE | Ze mE 
| | | (uniess otherwise specified) 
EMITTER Г] 2 i 

Description | lir 5 проно are T. 
The AT-64020 is a high performance NPN silicon bipolar tran- | 1.52 in .xxx = +.005 
sistor housed in a hermetic BeO disk package for good thermal тт .хх = +.13 
characteristics. This device is designed for use in medium 0581.010 
power, wide band amplifier and oscillator applications operat- | = .128 
ing over VHF, UHF and microwave frequencies. NE 


3.25 0012.00? | 
Excellent device uniformity, performance and reliability are ——=— 
produced by the use of ion-implantation, self-alignment tech- | | 205 | T Ed 
niques, and gold metallization in the fabrication of these m 57 
devices. The use of ion-implanted ballast resistors ensures uni- 
form current distribution through the me" emitter fingers. 





POWER OUTPUT @ 1 dB GAIN COMPRESSION. 
vs. FREQUENCY AND COLLECTOR" CURRENT 


VcE = 16V 


P4 ав, dBm 





Frequency, GHz 







Electrical SpecMcatons, Ta = 25°C 


: Parameters and Test Conditions | 











Power Output @ 1 dB Gain Compression: f = 2.0 GHz 
МСЕ = 16 V, ІС = 110 mA #= 4.0 GHz 


1 dB Compressed Gain: ҮСЕ = 16 У, Іс = 110 тА #= 2.0 GHz 
| | f = 4.0 GHz 


Total Efficiency! at 1 dB Compression: 
" VCE = 16 У, ІС = 110 mA 


Insertion Power Gain: VCE = 16 V, Ic = 110 mA 









_ Forward Current Transfer Ratio: VCE = 8 V, IC = 110 mA 
| : Collector Cutoff Current: VCB = 16 V 

Emitter Cutoff Current: VEB = 1 V 
Note: 1. T| — = — BE Output Power 


RF Input Power + Vcelc 
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AT-64020 
Linear Power Silicon Bipolar illc 


Absolute Maximum Ratings | ЕРЕН ЕРИ кк 


unless otherwise noted 
Maximum 


Emitter-Base Voltage 

_ . Collector-Base Voltage - . 
Collector-Emitter Voltage | 
Collector Current 
Power Dissipation?? 
Junction Temperature 





1 dB COMPRESSED GAIN 
vs. FREQUENCY COLLECTOR CURRENT 
VCE = 16 V 








— — — lc = 150 mA 
— IC = 110 тА 

























perature —65°С to 200°C m — — Ic=70mA | 
© 
Notes: | б 
1. Operation of this device above any one of these parameters 
may cause permanent damage. | 
2. ТСАЗЕ = 25°С. 
3. Derate at 25 mW/°C for Тс > 80°C. Кабен: Gite 
4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 
OUTPUT POWER AND EFFICIENCY | INSERTION POWER GAIN, MAXIMUM AVAILABLE 
vs. INPUT POWER GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 
VCE = 16 V, Ic = 110 mA, f = 4.0 GHz | . VcE = 16 V, Ic = 110 mA. | 
35 
И ЕТ ГЕ 
£ „| ГМ ме | | ||| 
° oi | ГР Г 
3 2° ^ 
о : Е 
| 3 $ 15 
a. 9 10 
ш 
5 
| — LIL T TT 
“ 03 + = 30 
Power In, dBm | | Me GHz 
Typical Scattering Parameters: Common Emitter, Zo = 500 |." Ta = 25°С, Ус = 16 V, lc = 110 mA 
Freq. $11 m ` $21 Se | $22 
GHz Mag Ang dB Mag Ang dB Мад _ Ang Мад. Ang 
01 61 -146 30 . 3151 130 -33.1 022 $57 6.  -48 
. 0.5 75- -173 18.4 8.27 86 -28.8 2.09 41 7 2023 -88 
21.0 .75 171 12.5 4.23 66 -27.4 043 49 . 200 -100 
1.5 .74 ` 159 9.2 |) 2.90 . 50 —23.5 .067 48 _ .21 . 110 
_ 2.0 .74 148 7.0 223 35 —21.6 083 ` 46 |. .25 —120 
25. 73 141 5.2 .182 . 26 . —19.8 .103 _ 47 227. —127 
3.0 .73 130 3.8 1.56 R2 -17.5 433. - 41 ^ : .32 -135 
23.5 .74 119 2.7 1.37 -2 -16.1 .157 | 35 | . 35 -146 
4.0 73 . 107 1.8 1.23 -16 -14.7 186 2 .38 —158 
45 72 9o |. 0.9 | 1.11 2-90 -193 217: 18. 41 —168 
5.0 71 79 0.1 1.01 -43 -11.8 .256 8 42. 179 . 


A model for this device is available in the DEVICE MODELS section. 
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АТ-64023 > 
MI m Up to 4 GHz Linear Power 


Silicon Bipolar Transistor 








Features о l _ 230 mil ВеО Flange Package | 
° High Output Power: B а x w^ s 
28.0 dBm typical Р: аваї 2.0 GHZ — | | .796 +.030 


27.0 dBm typical P4 as at 4.0 GHz — — =| in MEN 
e High Gain at 1 dB Compression: . | _ ЭЯ E (е ж: | 





12.5 dB typical G: ав at 2.0 GHz 
9.5 dB typical G: ав at 4.0 GHz 


s | | | 3032 BASE 
e 35% Total Efficiency | | | .562 шек COLLECTOR Ж 
° Emitter Ballast Resistors ` | | 14.27 = S ы 
e Hermetic, Metal/Beryllia Stripline Package 120 
_ 3.05 e EMITTER 
| азо Ж DO 
Description | Notes: 
The AT-64023 is a high performance NPN silicon bipolar tran- | | || | : қадақ ете 
sistor housed in а hermetic ВеО flange package for good ther- 2230.1. 5 Tolerances. Т" 
mal characteristics. This device is designed for use in medium 130 +.010 P in .xxx = 4.005 


power, wide band amplifier and oscillator applications operat- 
ing over VHF, UHF and microwave frequencies. 


mm.xxz +.13 
.060 


Excellent device uniformity, performance and reliability are Т” 
produced by the use of ion- implantation, self-alignment tech- — 4 
niques, and gold metallization in the fabrication of these | 


devices. The use of ion-implanted ballast resistors ensures uni- 
form current — through the multiple emitter = 








Outline 2ЗА 


POWER OUTPUT @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY AND COLLECTOR CURRENT - 


Мс = 16V. 


P4 ав. dBm 





Frequency, GHz 


Electrical Specifications, ТА = 25°С 


| Parameters and Test Conditions 





Power Output @ 1 dB Gain Compression: 
VCE = 16 V, lc = 110 mA | 


1 dB Compressed Gain: VCE = 16 V, Ic = 110 mA 





. Total Efficiency' at 1 dB Compression: 
МСЕ = 16 У, С = 110 тА - 


= _ Insertion Power Gain: кенге = 16 V, ІС = 110 тА 


Forward Current Transfer Ratio: VCE = .8 V, ІС = 110 mA 
sid Collector Cutoff Current: VCB = 16 V | 
IEBO Emitter Cutoff Current VEB- 1V . — ЖГ 


Note: 1. |_ = — RE Output Power 
T RF Input Power + Vcelc 
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AT-64023 
Linear Power Silicon Bipolar Transistor 


Absolute Maximum Ratings 


ИЕ 









Thermal Resistance?^: Өс = 40°C/W 









Emitter-Base Voltage 2.2 V 
Collector-Base Voltage 40 V 
Collector-Emitter Voltage 20 V 
Collector Current _ 200 mA 
Power Dissipation?? 3 W 
Junction Temperature 200?C 
Storage Temperature —65°С to 200?C 


Notes: 


1. 


2. 
3. 





Typical Scattering Parameters: Common Emitter, Zo = 50 Q 


Freq. _— Sr _ КЕСУІ 512 522 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang — 
meu Е ee C LM 
_ 0.1 .54 —124 28.2 25.71 135 —33.3 .022 42 „72 —b1 | 

.5 .80 —178 17.6 7.57. 78 —29.5 „034 18 33 -119 

0 .80 162 11.9 3.92 47 —28.6 „037 10 33 -142 

5 .80 147 8.6 2.70 21 —27.9 .040 12 40 -156 

0 .78 133 6.3 2.07 —4 —27.6 .042 1 48 —169 

5 .77 127 5.1 1.80 —24 —25.5 053 . —5- „58 ‚ —178 

. 3.0 13 116 | 3.8 1.56 —51 -25.0 ` 056. .  -20 .67 170 

3.5. .66 106 2.9 1.40 -79 -25.8 051 -28 .78 156 

4.0 .60 99 2.2 1.28 -109 -27.2 „044 -49 .86 142 

45 .55 98 1.4 1.18 -141 —31.2 028 -70 .93 | 127 

5.0 .54 99 0.6 1.07 —175 —40.9 .009 —144 .93 112 


Operation of this device above any one of these parameters 
may cause permanent damage. | 


TCASE = 25°С. 


Derate at 25 mW/°C for Tc > 80°C. ` 

The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


OUTPUT POWER AND EFFICIENCY 
vs. INPUT POWER 


VCE = 16 V, lc = 110 mA, f = 4.0 GHz 


Power Out, dBm 


Power п, dBm 


A model for this device is available in the DEVICE MODELS section. 


Absolute - 
Maximum' 









Efficiency, % 


6-116 


Typical Performance, Ta = 25°С 


(unless otherwise noted) 


G1 ав» dB 


Gain, dB 





1 dB COMPRESSED GAIN 
vs. FREQUENCY COLLECTOR CURRENT 


Vee = 16V 


— — — 10 2150 mA 
—— IC = 110 тА 


SE 


. Frequency, GHz 


INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 


VCE = 16 V, с = 110 mA. 


Е TL ITII 
See РН 





0.1 03 05 10 30 50 
Frequency, GHz 





. TA = 25°C, Мсє = 16 V, lc = 110 mA 


г — a — — e бо 54. 





Gallium Arsenide Field 
Effect Transistors 

The Gallium Arsenide field 
effect transistor is a semicon- 
ductor device with amplification 
due to voltage gain. The 
advantages GaAs FETs have 
over other transistor types stem 
from the intrinsic high mobility 
of electrons in gallium arsenide. 
This high mobility translates 
into semiconductors with 
superior high performance 
characteristics in the microwave 


region, including high fr, high ` 
МАХ, and very low noise figure. | 


GaAs FETs find wide applica- . 
tions as the semiconductor 
device of choice at frequencies 
above 4 GHz (where the gain of 
most microwave silicon ` 
processes is diminishing) both 
as amplifiers and oscillators, or 
as low noise amplifiers in 
applications demanding 
optimum noise performance. 


The performance of a GaAs FET ` 


_ is determined primarily by the 


gate width and length. The gate | 
length is the short dimension of _ 


the gate and sets the "high 
frequency" aspects of perfor- 
mance. In general, shorter gate 
lengths result in superior 


performance (although the gate | 
must have sufficient thickness ` 


to support the current density | 
necessary for reliability). The 


gate length is a primary feature | 


of the process used. The gate 
width determines the active | 
periphery, and sets the trans- 
conductance (р) and saturated 
drain current (Ipso) of the FET. 
In addition to establishing the 
power producing capability, the 
gate width also sets the s- 
parameters of the device, and 
therefore the optimum 


frequency of operation. In | 
general, shorter widths work 


better at high frequencies. The | 


gate width is set by the | 
geometry or mask design. It is 
fairly common for the same 
mask type to be used with 
different processes to create - 
FETs with the same gate width 
but different performance - 


| characteri stics. 


Product Families | 


Hewlett-Packard manufactures 
FETs using a series of processes 
tailored for the end application. 
Part numbers for these devices.. 


_ begin with the alpha characters | 
“АТЕ”. The first digit of the part | 


number delineates process. The 
second digit defines the geome- 
try. The third digit represents 
an assembly sort, e.g. for noise 
figure. The final two digits 
indicate the package type. 


ATF. 1х series De 
The ATF-1x process is 


optimized for low noise figure. | 


This process uses vapor phase 
epi and a nominal 0.25 micron | 
gate length to produce 


MESFETs with superior noise. | " 


figures for LNA applications ` 


_ such as TVRO or GPS receivers, 
and all kinds of communications | : 
. The ATF-3x process i 15 Hewlett- 


receivers. This process also 
results in devices with phase 
noise approximately 10 dB 
lower than that produced by the 
gain (ATF-2x) process. The — 


relatively délicate gate needed 
for best noise performance 
results in a device not ` 


recommended for applications 
calling for operation in 
saturation. The nominal figures 


of merit for this process аге an ` 


fr of 40 GHz and an булу of 100 
GHz. 


Two geometries are available: 

е ATF-10xxx: 500 micron gate 
width device optimum for 2-8 
_ GHz applications 

* ATF-13xxx: 250 micron gate 

. width device optimum for 4- 16 
GHz applications 


ATF-2x series 


The ATF-2x process is 


optimized for gain. This process 
uses ion implantation and a 
nominal 0.25 micron gate length 
to produce MESFETs with good . 
gain and power. Typical uses 


| . "include gain stages and medium = 
- power oscillator applications. 


_ The robust gate used resultsin | 


a device with superior longevity. 

The nominal figures of meritfor — 
this process are ап {р of 40 GHz ` — 
| and an fy of 100 GHz. 2 7. 


| Three geometries are available: i 


° * АТЕ-2 1xxx: 750 micron gate 
- width device optimum for 1- 6 
_ GHz applications 


. ATF-25xxx: 500 micron Aa: 


width device optimum for 2- ы 
GHz applications 


__ © ATF-26xxx: 250 micron gate | 


_ width device optimum for 4-16 | 
GHz на 


АТЕ-3х series 


Packard's high performance 


: Pseudomorphic High Electron | 
Mobility Transistor (PHEMT) 


process. This process uses MBE 


. material to create a GaAs - 


AlGaAs - InAlGaAs structure 
that results in superior mobility 
to standard MESFET or HEMT 


devices. This process is 


optimized to give the lowest 
noise figure for critical receiver 
applications such as DBS block 


converters. The nominal figures 


of merit for this process arean = micron gate length to produce Three geometries are available: 


{т of 60 GHz and an fyx of 150 MESFETs with high break- e ATF-44xxx: 5000 micron gate 
GHz. downs and superior power width device for 2-8 GHz 
producing capability. Typical | applications 

The geometry available is: uses include driver and power ° ATF-45xxx: 2500 micron gate 
о ATF-35xxx: 200 micron gate | amplifiers up to several watts. width device for 2.8 GHz 
. width device optimum for 2-18 Тһе nominal figures of merit for applications . 

GHz applications this process аге ап frp of 20 GHZ , ATF-46xxx: 1250 micron pile 

мекке жекте width device for 2-10 GHz 

ATF-4x series | | | applications JEDE 


The ATF-4x process is optim- 
ized for power. This process 
uses a double recessed 0.5 
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SEMI-INSULATING 
GaAs SUBSTRATE 








MESFET STRUCTURE 


OHMIC 
CONTACT 


InGaAs 
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PHEMT STRUCTURE 


UNDOPED GaAs 











Gallium Arsenide (GaAs) Field Effect Transistors (FETs) 
Low Noise GaAs FETs (Typical — at +25°С Сазе е Temperature) 


. Optimum 


Part Gate Width | Freq. EM 
. Number i | 


ATF-10100 
ATF-13100 
ATF-21100 

АТР-25100 
ATF-10170 




















70 mil stripline 







ATF-13170 70 mil stripline 
АТЕ-21170 70 mil stripline 
ATF-25170 70 mil stripline _ 









ATF-10136 trim lead.micro-X SM. 










ATF-10236 micro-X ceramic SM 
ATF-13036 micro-X ceramic SM 
ATF-13136 micro-X ceramic SM 





ATF-13336 micro-X ceramic SM 










ATF-13284 418.0. 85 mil plastic 
ATF-13484 +18. 0 85 mil plastic 
ATF-13786 и н ие A 85 mil plastic SM 






Low Noise PHEMTs (Typical Specifications at +25°С Case амны 


Optimum |. 
Part Gate Width Freq, Range Test Freq. E 
Number иті (GHz) (GHz) w і 

















АТҒ-35076 70 mil ceramic 
ATF-35176 70 mil ceramic 
ATF-35376 c 70 mil ceramic 
ATF-35576 200 70 mil ceramic 





General Purpose GaAs FETs (Typical Specifications at +25°С Case Temperature) 


Optimum | 
Part Gate Width Freq, Range | Test ж ж 
Number үе Шы . (GHz) a (d B) (dBm) - Package — 
ATF-21100 13.0 U i 
ATF-25100 ч f 5 d 
ATF-26100 250 
= 























ATF-21170 Tr 4 70 mil stripline 
ATF-21186 | 2 _ 85 mil SM plastic 
ATF-25170 500 4 70 mil stripline 
ATF-25570 4 70 mil stripline 
ATF-26150 12 50 mil stripline 
ATF-26350 12 50 mil stripline 
ATF-26550 12 50 mil stripline 












ATF-25735 500 micro-X ceramic SM 7-58 
ATF-10736 500 trim lead micro-X SM 7-15 
ATF-13736 250 trim lead micro-X SM 7-33 
ATF-26836 250 trim lead micro-X SM 7-69 





14.0 +18.0 85 mil plastic 7-30 
9.0 +18.0 85 mil plastic 7-71 


Gallium Arsenide (GaAs) Field Effect Transistors (FETs) (cont.) 
Medium Power GaAs FETs (Typical Specifications at +25°С Case Temperature) 


Part | Optimum Freq. Range Test Frequency | Р | Gag | | | | | 
Number (GHz) (GHz) (dBm) | Package —— | a 
























ATF-44100 | 2-8 4 +32.0 

ATF-45100 2-12 4 +29.0 

ATF-46100 _2-14 | 4 +27.0 _ р 
АТР-44101 4 100 mil flange 
ATF-45101 | 4 100 mil flange 
ATF-45171 4 70 mil flange 
ATF-46101 4 100 mil flange 
ATF-46171 4 x 70 mil flange 





O HEWLETT ATF-10100 
"B PACKARD 0.5-12 GHz Low Noise 


Gallium Arsenide FET 








Features Г —— | _ Chip Outline | 
e Low Noise Figure: 0.5 dB typical at 4 GHz mE BEEN 
* Low Bias: VDS z 2 V, 10$ = 25 mA | " "A „| 218 іт 
e High Assosiated Gain: 14.0 dB typical at 4 GHz а-ы | je [oe 








е High Output Power: 21.0 dBm typical Р, ав | а 
at 4 GHz | | | | 
Description | | 32 um | 


163 um 




























The ATF-10100 is a high performance gallium arsenide ЕТУ | | | | | | | | | | | 6.42 mil 
Schottky-barrier-gate field effect transistor chip. Its premium хдд 279.4 um 
noise figure makes this device appropriate for use in the first 11 mil 
stage of low noise amplifiers operating in the 0.5-12 GHz — 
frequency range. 
This GaAs FET device has a nominal 0.3 micron gate length 
interconnects between drain fingers. Total gate periphery is 218 um 
500 microns. Proven gold based metallization systems and 8.58 mil 
nitride passivation assure a rugged, reliable device . 

348m . 1 x 

12 mil 


Optimum Noise Figure and 
Associated Gain vs. Frequency 


Vps z 2 V, lps = 25 mA, TA = 25°С Noise Parameters: Vps = 2 V, lps = 25 mA 


МРо Gamma Opt 
| dB Mag Ang Н,/50 





2.0 4.0 6.0 8.0 10.0 12.0 
Frequency, GHz 


Electrical Specifications!,TA = 25°С 


Parameters and Test Conditions Units 


Optimum Noise Figure: Vps = 2 V, Ips = 25 mA 


< 
T 
О 


Gain @ NFo: Vps = 2 V, Ips = 25 mA 


dB 
dB 
dB 
dB 
dB 
| | dB 
Р; ав Output Power @ 1 dB Gain Compression: f = 4.0 GHz 
Vos = 4 V, Ips = 70 mA 





1dB Compressed Gain: Vps = 4 V, Ips = 70 mA f = 4.0 GHz 
Transconductance: Vps = 2 V, Veg = 0 V | 


: Pinchoff Voltage: Урз = 2 V, Ips = 1 mA | | V | -30 | 


— — — e E 
FS го >ч Pep | < 
o ооо | О оът | 5 


| = 
о t9 


Absolute Maximum Ratings 


| | Maximum | 



























Drain-Source Voltage +5 V 
Gate-Source Voltage -4V 
Drain Current Ipss 
Power Dissipation2.3 430mW 
Channel Temperature 175°С 
Storage Temperature4 -65 to +175°С 





Notes: | 

1. Operation of this device above any one of these parameters 
may cause permanent damage. 

Case Temperature = 25?C. 

Derate at 4.4 mW/°C for Tcase > 78°C. 

The small spot size of this technique results in a higher, though 
more accurate determination of Ө. than do alternate methods. 
See APPLICATIONS PRIMER IIIA for more information. 


Insertion Power Gain, Maximum Available 
Gain and Maximum Stable Gain vs. Frequency 
Vps = 2 V, Ips = 25 mA 





4.0 
Frequency, GHz 


6.0 8.0 10.0 12.0 


ATF-10100, 0.5-12 GHz 
Low Noise Gallium Arsenide FET 


. Part Number Ordering Information 


Part Number Devices Per Tray 

















ATF-10100-GP1 5 
ATF-10100-GP3 50 
ATF-10100-GP6 | Up to 300 


Typical Performance, Тд = 25°C 


(Unless otherwise noted) 


Optimum Noise Figure and 
Associated Gain vs. lps 
Vps = 2 V, f = 4.0 GHz 





Insertion Power Gain, Maximum Available 
Gain and Maximum Stable Gain vs. Frequency 
Vps = 4 V, Ips = 70 mA 


` 






4.0 
Frequency, GHz 


6.0 8.010.0 12.0 





ATF-10100, 0.5-12 GHz 
Low Noise Gallium Arsenide FET 

















Typical Scattering Parameters: Common Source 20 = 50 Q TA = 25°С, Vps = 2 V, Ips = 25 mA 
Freq. _ 5 _ S21 Siz — | _ S 

MHz Ма Апа _ dB. Mag Ang в ^ Mag Ап. Mg Апа 

|. 10 93 _ -46 17.7 . 7.63 148 -25.5 053 _ 64 33 -56. 

_ 2.0 .83 -78 15.6 _ 6.08 127 -21.4 .085 52 |. 3891 -63 
3.0 78 -94 339 4.97. 114 -19.8 .102 _ 45 30 ^ -72 
4.0 72 -104 12.4 4.18 103 -18.7 .116 41 | 29 | -0. 
5.0 70 -120 11.2 3.65 92 -17.9 127 - 3 | 25 90 ` 
6.0 68  . -139 . 10.0 3.18 80 _ 217.6 132 31. 19 — . -113.. 
7.0 71 -157 8.6 _ 2:69 _ 69 © 47.5 133 25 _ 18 -156 — 
8.0 72 168 7.4 _ 2.35 | 60 -17.5 133 22 20 -178 — 
9.0 71 -177 65 ` 242 53 -17.4 135 19 © 22. 174 
10.0 70 175 6.0 1.99 46 169 . 148 17 |. 22 169 
11.0 70 167 5.5 1.88 38 -16.6 148 15 23 164 . 
12.0 70 ' 162 50 1.77 31 -16.3 154 ©. 13 | | 24 153 
13.0 70 159 ||» 45 1.68 25 -15.8 162 dfe * 26 143 
14.0 70 155 441 1.61 20 -15.5 168 10 28 133 . 
15.0 73 149 3.9 1.56 14 -15.0 477. 8 | 80 123 
16.0 7 138 3.2 1.45 5 -A47 184 26  . 32 7 119 
17.0 76 | ^ 134 1.8 1.23 0 144 - 490: 5 ~ 85° 114 

| "o 401 4v 4 cc 38 ^^ 106 
wawa w u www wau ara 





Freq S1 S21 S12 S22 
MHz Mag Ang | dB Mag Ang dB Mag Ang Mag Ang 
i — MG — Au ——— S — A i dac A EP a nu. MEN. . in. - 
1.0 87 -60 20.6 10.72 136 -26.4 048 55 33 -59 
2.0 74 -96 17.5 7.50 113 -23.5 067 43 29 -66 
3.0 72 -112 15.2 5.77 101 -22.2 078 39 28 -69 
4.0 .67 _ -122 13.4 4.68 91 -21.3 086 : 38 2.27 -72 
5.0 670 -137 _ = 12.0 397 в1 _ -20.6 2.03 |  Á 36 2222.24 -77 
6.0 68 -154 _ 10.5 3.36 ` 70 ` -20.3 _.097 . 35 17 -95 
7.0 .73 -168 90. 281 . 61 -20.1 .099 233 ЛЗ -127 
8.0 74 -177 7.7 2.44 54 -19.8 . .102 _ 31 12 159 
9.0 .75 175 6.8 . 2.19 47 -19.6 105 31 _ 12 -165 
10.0 .75 166 6.2. ' 2.04 39 -18.9 .113 222 ....183  J . -171 
11.0 75: 156 5.6 — 1.90 32 -18.4 — 120 | 27 | 13 - -177 
12.0 .74 | 150 5.1 1.79 25 -17.9 — 128 ` 26 14 ` 173 
13.0 74 |. 148 . 4.6 1.69 ` 19 -16.9 . ..143 5. 45. 166 
14.0 .75 145 4.2 1.62 14 -16.2 7 .155 24 .17 154 
15.0 .76 140 39 1.57 9 -15.7 .164 21 | | .21 142 
16.0 .77 (1385 ` 3.2 1.45 -1 -15.5 ^. .168. 18. — | 24 |— 133 
17.0 79 130 1.8 1.23 -6 |» -153 . 4171 18 . 28 ` 125 
18.0 .80 125 7 — mg 1.16 -6 -14.4 .191 | 18 .32 117 
т 
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ATF-10136 





DU) depuis ЦЫ 0.5-12 GHz Low Noise 
eer TUNE | K Gallium Arsenide FET 
Features mn | 36 micro-X Package’ 


e Low Noise Figure: 0.5 dB typical at 4 GHz 

е Low Bias: Vos = 2 V, Ips = 20 mA 

e High Associated Gain: 13.0 dB typical at 4 GHz 
е High Output Power: 20.0 dBm typical Pian = 






245 — 
SOURCE 


at 4 GHz 
e Cost Effective Ceramic Microstrip Package i ША L rosana 
ә Tape-and-Reel Packaging Option Available? ВАТЕ ИИИ 
Description | 
P _ SOURCE гос ARE IN MILLIMETERS (INCHES) - 


2. TOLERANCES: іп .xxx s + 0.005 
mm .xx e + 0.13 


The ATF-10136 is a high performance gallium arsenide 


Schottky-barrier-gate field effect transistor housed in a cost ы 254 | 
effective microstrip package. Its premium noise figure abc Dicens 
makes this device appropriate for use in the first stage of low ЕК | (0.006 + 0.002) ` 
noise amplifiers operating in the 0.5-12 GHz frequency d 
range. T! EX т. 
This GaAs ҒЕТ device has a nominal 0.3 micron gate length EN ú 4.57 10.25 
using airbridge interconnects between drain fingers. Total (0.180 + 0.010) 
gate periphery is 500 microns. Proven gold based | 
metallization systems and nitride passivation assure a 
rugged, reliable device. . 
OPTIMUM NOISE FIGURE AND 
‚ ASSOCIATED GAIN vs. FREQUENCY u К | 
Wee ne) DS SO m TAM У _ Noise Parameters: Vos = 2 V, Ips = 25 mA 





2.0 4.0 6.0 8.0 10.0 12.0 
Frequency, GHz 





Electrical Specifications, TA = 25°С 2. 


| Symbol | Parameters and Test Conditions 
. NFO | 


__ Optimum Noise Figure: Vps = 2 V, 105 = 25mA ` 






Gain Q NFo: Vps = 2 V, IDS = 25 mA 






_ Output Power @ 1 dB Gain Compression: 
^. Vps=4V, IDS = 70 mA | 


1dB Compressed Gain: Vps = 4 V, Ips = 70 mA 


Transconductance: VDS = 2 V, Vas = 0 V ú | mmo | 70 | 144 | | 


[ ips | Saturated Drain Current: Vos -2V,Vos-OV ^. | m [| 7o | 130 [| 180 | 
Pinchoff Voltage: VDS = 2 V, IDS = 1 mA Lov | 40 | -13 | -05 — 


Notes: 1. Long leaded 35 Package available upon request. | | 
2. Refer to PACKAGING section “Tape-and-Reel Packaging for Surface Mount Semiconductors". 









f = 4.0 GHz 
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ATF-10136, 0.5-12 GHz 
Low Noise Gallium so дй 


Absolute Maximum Ratings. 


Absolute 
;— ac 


. Drain-Source Voltage. Ы 05V 


Part Number Ordering Information 


Part Number | Devices Per Reel ..ReelSize  . 







































Gate-Source Voltage -4 V ATF-10136-TR1 1000 7 
Drain Current IDSS ATF-10136-TR2 4000 13” 
Power Dissipation?’ 430 mW ATF-10136-STR 1 STRIP 
Channel Temperature 175°C For more information, see "Tape and Reel Packaging 
Storage Temperature* _] -95?C to +175°С for Semiconductor Devices", page 14-14. 


Notes: JS Typical Performance, TA = 25°С 
1. Operation of this device above any one of these parameters (unless otherwise noted) 

may cause permanent damage. | i 
2. Case Temperature = 25°С. 


3. Derate at 2.9 mW/°C for TCASE > 25°С. 

4. Storage above +150°С may tarnish the leads of this package 
difficult to solder into a circuit. After a device has been soldered 
into a circuit, it may be safety stored up to 175°C. 

5. The small spot size of this technique results in a higher, though 
more accurate determination of Qi, than do alternate methods. 
See MEASUREMENTS section for more information. 


OPTIMUM NOISE FIGURE AND INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 


ASSOCIATED GAIN vs. Ips AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Vos = 2 V, f = 4.0 GHz Vos = 2 V, 108 = 25 mA 











u 
о 
š 
Typical Scattering Parameters: Common Source, Zo = 50 Q ТА = 25°C, Vos = 2 V, lbs = 25 mA 
Freq. — $1 | бл | | S2 s S2 
GHz Mag Ang dB Mag Ang - . dB Mag Апа Mag Ang 
0.5 98 -18 14.5 “5.32 163 -34.0 020 78 35 -9 
1.0 93 -33 14.3 5.19 147 —28.4 038 67 36 -19 
2.0 79 -66 13.3 4.64 113 -22.6 074 59 30 -31 
3.0 64 -94 12.2 4.07 87 —19.2 110 44 27 -42 
4.0 54 -120 11.1 3.60 61 -17.3 137 31 22 -49 
5.0 47 -155 10.1 3.20 37 -15.5 167 13 16 -54 
6.0 45 162 9,2 2.88 13 -14.3 193 -2 08 -17 
7.0 50 120 8.0 2.51 -10 -13.9 203 -19 16 45 
8.0 60 87 6.4 2.09 -32 -13.6 210 -36 32 48 
9.0 68 61 4.9 1.75 -51 -13.6 209 —46 44 38 
10.0 73 42 3.6 1.52 —66 -13.7 207 -58 51 34 
11.0 77 26 2.0 1.26 -822 — -13.8 .205 -73 222,54 27 
12.0 80 14 1.0 _ 1.12 -97 -14.0 200 -82 2ДД.54 15 





O аы ATF-10170 








PACKARD | |. 0.5-12 GHz Low Noise. 
Gallium Arsenide FET 
Features И | 70 mil Package 
e Low Noise Figure: 0.5 dB typical at 4 GHz - | 
e Low Bias: Vps = 2 V, Ips = 25 mA ` | 1.02 — 
e High Associated Gain: 14.0 dB typical at 4 GHz 4 


e High Output Power: 21.0 dBm typical Р; ав 
at 4 GHz 
e Hermetic Gold-Ceramic Microstrip Package 


Description 





The ATF-10170 is a high performance gallium arsenide | 
Schottky-barrier-gate field effect transistor housed in a hermetic, | arse TER specified) 
high reliability package. Its noise figure makes this device | | 1. Dimensions аге „ЇЇ. 
appropriate for use in the first stage of low noise amplifiers | Tolerances | |Т" 
operating in the 0.5-12 GHz frequency range. 2L ] SOURCE sae usi I 

This GaAs FET device has a nominal 0.3 micron gate length 
using airbridge interconnects between drain fingers. Total gate 
periphery is 500 microns. Proven gold based metallization 


systems and nitride несін assure а rugged, reliable Lo ā Aa 


device. 





Optimum Noise Figure and 
Associated Gain vs. Frequency 
Vps = =2V, Ips = 25 mA, TA = 25°С 


Noise Parameters: Vps = 2 V, Ips = 25 mA 


EU NFo ` Ps Opt 
GHz dB ng | Ry50 






[ 87 29 |a 
[7347 | A 
[44 a j| 30 — 
| 49 152 | 4 — 





2.0 40 60 80 10.0 12.0 
Frequency, GHz 


“ол | 
04 _ 
05 _ 
ЕГЕН 


Electrical Specifications, TA = 25°С 


Parameters and Test Conditions Units 


_ Optimum Noise Figure: Vps = 2 V, Ips = 25 mA 


dB 
| - 6. dB 
Gain @ NFo: Vps = 2 У, Ipg = 25 тА ` f=20GHz _ dB 
| | _ dB 
Wm 
_mmho_ 
ШЕГЕ 


2 
< 
O 


P4 dB 





Output Power @ 1 dB Gain Compression: 
Vos = 4 V, Ips = 70 mA 


1dB Compressed Gain: Vps = 4 V, hss 70 mA 


Transconductance: Vps = 2 V, Vas = 0 V 
. Saturated Drain Current: Vps = 2 V, Vas = 0 V 





z 
x 
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ATF-10170, 0.5-12 GHz 
Low Noise Gallium Arsenide FET 


Absolute Maximum Ratings Е Typical Performance, Тд = 25°С 


Absolute (Unless otherwise noted) 
БЕН. [эте] mm 


Drain-Source Voltage |. 2. 45M. d. — . Optimum Noise Figure and ` 
Gate-Source Voltage -4 V 
Drain Current lps Ipss 


Associated Gain vs. Ips 
Vps = 2 V, f = 4.0 GHz 


Power Dissipation2.3 430mW 
Channel Temperature 175°С 
Storage Temperature u т -65 to +175°С 





Notes: 

1. Operation of this device above any one of these M 
may cause permanent damage. 

2. Case Temperature = 25?C. 

3. Derate at 3.1 mW/°C for Tease > 35°C. 

4. The small spot size of this technique results in a higher, though 
more accurate determination of Ө than do alternate methods. 
See APPLICATIONS PRIMER IIIA for more information. 





Insertion Power Gain, Maximum Available Insertion Power Gain, Maximum Available 
Gain and Maximum Stable Gain vs. Frequency Gain and Maximum Stable Gain vs. Frequency 
Vps = 2 V, 55 = 25 mA | Vps = 4 V, ips = 70 тА 

30 

















m 20 
© 
= 
6 10 
01. + : : . | 
_ 1.0 20 _ 2240 6.0 8. 010. 0 12. 0 1.0 2.0 4.0 6.0 8.010.012.0 
| . Frequency, GHz | Frequency, GHz 
Typical Scattering Parameters: Common Source Zo 2500 . — | ТА = 25°С, Vos = 2 V, Ips = 25 mA 
Freg 3310 o | _ $21 EM S S22 
MHz Mag Ang dB | | Mag _ Ang dB Mag + Ang Mag Апа 
10 ^7 95 -40 15.6 6.05 148 -27.3 - 043 66 _ 27 -39 
2.0 88 -74 14.4 5.27 121 -22.5 075 47 24 -74 
3.0 81 -100 13.1 4.54 100 -20.2 097 34 22 -100 
4.0 74 -125 11.8 3.87 79 -19.0 112 22 20 -125 
5.0 70 -146 10.5 3.35 61 -18.2 123 11 18 -146 
6.0 66 -165 9.5 2.97 45 -17.5 134 1 17 -166 
7.0 64 180 8.6 2.70 29 -16.8 144 -8 16 177 
8.0 63 169 8.0 2.52 18 -16.3 153 -13 15 166 
9.0 60 153 74 2.35 2 -15.8 163 -23 14 153 
10.0 57 138 6.8 2.19 -13 -15.1 175 -34 13 140 
11.0 55 121 6.4 2.09 . -28 -14.7 185 -44 12 123 
12.0 54 104 6.2 2.05 -43 -14.1 197 -56 11 105 
| | | . ТА = 25°С Vpsz4V los = 70 mA 
MHz Mag Ang dB Mag Ang dB Mag Апа Mag Апа 
1.0 93 -44 18.2 8.13 145 -29.1 035 64 32 -35 
2.0 83 -81 16.7 6.81 116 -24.6 059 47 27 -63 
3.0 76 -108 15.1 5.68 96 -22.5 075 38 23 -82 
4.0 70 -132 13.5 4.73 76 -21.2 087 27 20 -102 
5.0 65 -153 12.1 4.03 59 -20.2 098 18 18 -120 
6.0 62 -170 11.0 3.55 43 -19.4 107 10 16 -135 
7.0 60 174 10.1 3.20 27 -18.7 116 2 15 -145 
8.0 58 163 9.4 2.95 17 -18.0 126 -2 14 -151 
9.0 56 148 8.7 2.73 2 -17.2 138 -11 14 -161 
10.0 54 133 8.2 2.56 -13 -16.5 149 -21 14 -171 
11.0 52 117 7.7 2.43 -28 - -15.9 161 -131 13 -179 
12.0 51 101 7.4 2.35 -43 -14.6 174 -43 12 172 
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D HEWLETT ATF-10236 ы 



















PACKARD ` “` (5. 5 « cc 0.5-12 GHz Low Noise 
Gallium Arsenide FET 
Features | i | 36 micro-X Package’ 
е Low Noise Figure: 0.8 dB typical at 4 GHz ` 
• Low Bias: Vps = 2V, Ips = 20 mA | | | к" 
е High Associated Gain: 13.0 dB typical at 4 GHz ` (0.085) SOURCE 
4 
e High Output Power: 20.0 dBm typical P: ав 
Cost Effective Ceramic Microstrip Package | 2.11 (0.083) DIA. 
Tape-And-Reel Packaging Option Available? GATE 1 | 
| А - (0.020) 
Description | SOUHUE i DIMENSIONS ARE IN MILLIMETERS (INCHES) 
The ATF-10236 is a high performance gallium arsenide E x нм ыны 
Schottky-barrier-gate field effect transistor housed in a cost йз оси Би | 
effective microstrip package. Its low noise figure makes this E rund up 
device appropriate for use in the second stage of low noise н | (0.006 + 0.002) 
amplifiers operating іп the 0.5-12 GHz frequency range. | штру i | 
This GaAs FET device has a nominal 0.3 micron gate length I 1 
using airbridge interconnects between drain fingers. Total (0.022) 4.57 + 0.25 
gate periphery is 500 microns. Proven gold based (0.180 : 0.010) 


metallization systems and nitride passivation assure a 
rugged, reliable device. - 


OPTIMUM NOISE FIGURE AND | 
ASSOCIATED GAIN vs. FREQUENCY 


Vos = 2 V, Ips = 25 mA, ТА = 25°С ` I | 
Noise Parameters: Vps = 2 V, Ips = 25 mA 


NFo | Gamma Opt 
Mag Ang | "NS 
87 36 


as | 2 m 









NFo, dB 
СА, dB 







Frequency, GHz 


Electrical Specifications, TA = 25°С 


| Symbol | Parameters and Test Conditions units | Mi. 






NFO Optimum Noise Figure: VDS - 2 V, Ips = 25 mA f = 2.0 GHz dB 
| | В | f = 4.0 dB 
| f = 6.0 . dB 
GA . Gain @ NFo: Vps = 2 V, 10$ = 25 mA f = 2.0 dB 
| f = 4.0 dB 12.0 
f 2 6.0 dB 
Output Power @ 1 dB Gain Compression: f = 4.0 





VDS = 4 V, IDS = 70 mA 


1 dB Compressed Gain: f = 4.0 GHz 
VDS = 4 V, 105 = 70mA | 


| Qm | Transconductance: VDS = 2 V, Vas 20V | | mmho | 
| 1035 | Saturated Drain Current: Vps = 2 V, Vas = 0 V 
Pinchoff Voltage: VDS = 2 V, Ips = 1 mA 


Notes: 1. Long leaded 35 package available upon request. ! " 
2. Refer to PACKAGING section "Tape-and-Reel Packaging for Surface Mount Semiconductors". 
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АТЕ-10236, 0.5-12 GHz 
Low Noise Gallium Arsenide FET 


Absolute Maximum Ratings 


Parameter Absolute 
Maximum’ 


Drain-Source Voltage 
Gate-Source Voltage 
Drain Current 

Power Dissipation?’ 
Channel Temperature 
Storage Temperature‘ 











Part Number Ordering Information 


Part Number Devices Per Reel Reel Size 


"ATF-10236-CTR1 | — 100000 
ATF-10236-TR2 4000 
ATF-10236-STR 1 : | 
For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. ` жаа 

















Notes: ps 
1. Operation of this device above any one of these parameters (unless otherwise noted) 
may cause permanent damage. | m 

2. Case Temperature = 25°С. 


Typical Performance, Ta = 25°C 


3. Derate at 2.9 mW/°C for TCASE > 25°C. 


4. Storage above +150°C may tarnish the leads of this package 
making it difficult to solder into a circuit. After a device has been 
soldered into a circuit, it may be safely stored up to 175°C. 


5. The small spot size of this technique results in a higher, though 
more accurate determination of g.. than do alternate methods. 
See MEASUREMENTS section for more information. 


OPTIMUM NOISE FIGURE AND INSERTION POWER GAIN, MAXIMUM AVAILABLE 
ASSOCIATED GAIN vs. 10$ GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Vos = 2 V, ips = 25 mA Vos = 2 V, ips = 25 mA 














а _ 
ч 
= 
Әә. 
о 
5 
Ó 
Uu. 
= 
Typical Scattering Parameters: Common Source, Zoz 500 . . ТА = 25°C, Vos = 2 V, Ips = 25 mA 
Freq | _— Sn S21 | © $10 | AI EE S> _ 
GHz Mag Ang _ dB Mag Ang БЕК Mag . Ang Mag . Ang. 
0.5 97. -20 15.1 5.68 162 -32.8 023 76 47 -11 
1.0 93 -41 14.9 5.58 143 -26.0 .050 71 | 45 -23 
2.0 77 -81 13.6 4.76 107 -21.3 ‚086 51 .36 -38 
3.0 59 -114 12.2 4:06 80 7 -184 .120 35 30 -51 
4.0 48 -148 || 109 . 3.51 52 -165. 149 18 23 -67 
5.0 46 166 | 9.6 3.03 26 -15.3 172 3 .10 —67 
6.0 53 125 8.5 2.65 1 -14.5 ‚189 -14 09. 48 
7.0 62 96 6.9 2.22 -20 — -144  .191 -28 24 55 
80 71 73 4.9 1.75 -39 -14.5 1189 ` -41 37 51 
9.0 .75 54 3.3 1.47 7-55 |. -147 184 -46 746 || 42 
10.0: 78 39 2.1 1.28 -72 |. -149  .180 -59 2 51 784 
11.0 82. || 26 0.3 . 1.04 —86 -14.9 .179 -71 |. 54 | | 626. 
120 84 12 -0.5 0.95 -101 -150 7 4177 -82 54 17 








7). HEWLETT ATF-10736 (ATF-20136) 

A. L4 PACKARD IP 2o. s s 0.5-12 GHz General Purpose. 
Gallium Arsenide FET 

Features : | 4 | 36 micro-X Package" 


e High Associated Gain: 12.5 dB typical. at 4 GHz 
е Low Bias: Vos 2 V, Ips = 20 mA ` 
е High Output Power: 20.0 dBm typical Р: ag 
at 4 GHz 
e Low Noise Figure: 1.2 dB typical at 4 GHz 
Cost Effective Ceramic Microstrip Package 
e Tape-and-Reel Packaging Option Available? 







- 2.11 (0.083) DIA. 






0.508 | 
(0.020) 





Description : SOURCE | NOTES: 
E | 1. DIMENSIONS ARE IN MILLIMETERS (INCHES) 
The ATF-10736 is a high performance gallium arsenide | Е СОО c acu ЕУ 
Schottky-barrier-gate field effect transistor housed т а cost ` | 0006710910) 14-256, 
effective microstrip package. Its noise figure makes this | B EE SE 
device appropriate for use in the gain stages of low noise 1. (0.006 + 0.002) 
amplifiers operating in the 0.5-12 GHz frequency range. — + ы 
This GaAs FET device has а nominal 0.3 micron gate length It " 
using airbridge interconnects between drain fingers. Total E мой 4.57 + 0.25 
gate periphery is 500 microns. Proven gold based (0.180 + 0.010) 


metallization systems and nitride passivation assure a 
rugged, reliable device. 


.. OPTIMUM NOISE FIGURE AND - 
ASSOCIATED GAIN vs. FREQUENCY 
Vps = 2 V, Ips = 25 mA, ТА = 25°С 


Noise Parameters: Vos. = 2 V, Ibs = 25 mA 


NFo, dB 





2.0 4.0 . 6.0 8.0 10.0 12.0 
Frequency, GHz 





Electrical Specifications, TA = 25°С 


| Symbol | Parameters and Test Conditions 


NFo Optimum Noise Figure: Vps = 2 V, 10$ = 25 mA f = 2.0 GHz 
f = 4.0 GHz 
f = 6.0 GHz 





GA Gain @ NFo: Vps = 2 V, Ips = 25 mA f = 2.0 GHz 
Output Power @ 1 dB Gain Compression: 
Vos = 4 V, Ips = 70 mA 


f = 4.0 GHz 
P1 dB 
G1 dB 1аВ Compressed Gain: Vps = 4 V, 10$ = 70 mA f = 4.0 GHz 


f = 6.0 GHz 

f = 4.0 GHz 
ao a ИС өн RTL ШИШЕ 
| Ipss | Saturated Drain Current: Vos -2V, Vos -OV | mA | 70 | 130 | 180 — 
| VP [|  PinchoffVoltag:Vos-2V,Ips-1mÀA У | ~o | 3 | 5 — 


Notes: 1. Long leaded 35 Package available upon request. 
2. Refer to PACKAGING section "Tape-and-Reel Packaging for Surface Mount Semiconductors". 
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ATF-10736, 0.5-12 GHz 
General Purpose Gallium Arsenide FET 


Absolute Maximum Ratings 


Absolute 
НИГИ 


Drain-Source Voltage +5 V 


Part Number Ordering Information 


Part Number айана Per пе! Reel Size 






























Gate-Source Voltage ` 4V ATF-10736-TR1 

Drain Current | IDSS ATF-10736-TR2 

Total Power Dissipation?3 430 mW ATF-10736-STR 

Channel Temperature 175°C For more information, see "Tape and Reél Packaging 
Storage Temperature‘ —65?C to +175°C for Semiconductor Devices", page 14-14. 


Notes: | Typical Performance, Ta = 25°С ` 
1. Operation of this device above àny one of these parameters (unless otherwise noted) . 

may cause permanent damage. 
2. Case Temperature = 25°С. 


3. Derate at 2.9 mW/°C for TCASE > 25°C. 


4. Storage above +150°С may tarnish the leads of this package 
difficult to solder into a circuit. After a device has been soldered 
into a circuit, it may be safety stored up to 175?C. 


5. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section for more information. 


INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY AND UM STABLE GAIN vs. FREQUENCY 
Vps = 2 V, Ips = 25 mA Vos = 4 V, los = 70 mA : 





0.5 | 10 20 40 60 80 120 05 ` 10 20 40 60 80 120 
Frequency, GHz — | Frequency, GHz 
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ATF-10736, 0.5-12 GHz 
General Purpose Gallium Arsenide FET 


Typical Scattering Parameters: Common Source, Zo = 500 TA = 25°C, Vps = 2 V, Ips = 25 mA 
Freq. 911 921 912 522 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.5 96 -20 15.4 5.90 162 -32.4 024 77 50 -10 
1.0 92 —40 15.2 5.77 144 -26.7 046 66 48 -21 
2.0 77 -76 13.8 4.92 109 -21.3 086 52 39 -34 
3.0 59 ~107 12.5 4.20 83 -20.0 111 40 33 -45 
4.0 49 -136 11.2 3.64 57 -17.3 137 24 26 -61 
5.0 43 -179 10.0 3.15 32 -15.5 167 9 14 -65 
6.0 49 138 8.6 2.74 8 -14.9 179 -5 05 22 
7.0 57 106 7.3 2.32 -13 -14.8 183 -18 19 60 
8.0 68 81 5.6 1.92 -32 -14.7 185 -33 .33 57 
9.0 73 62 4.2 1.62 -50 -14.8 183 -40 42 46 
10.0 77 47 — 3.0 1.41 —66 :—14.8 .182 — .46 38 
11.0 82 - 36 1.0 1.12 -81 | —14.6 .186 —67 50. 27 
12.0 85 22 -0.2: 0.98 -97 -14.5 ‚189 —75 51 15 
TA = 25°C, Vos = 4 V, lps = 70 mA 
052.90 -32 19.0 8.95 147 . -849 018. . 77 40 -7 
1.0 ‚79 _ -53 18.0 7.96 128 _-28.6 .037 70 .38 -17 
2.0 57 -96 15.5 5.99. 90 -22.5 ‚075 56 34. -38 
3.0 43 -129 13.3 4.60 64 == -195 . 10 22422031 2-50 ` 
4.0 36 -163 116 3.78 39 -17.3 136 31. 28 -51 
5.0 .35 156 |... 10.1 3.21 16 -15.6 166 14 22. -45 . 
6.0 47 110: 8.8 2.76 -11 -14.5 189 22-5 22215 -4 
7.0 65 78 7.0 2.23 -36 -14.2 .196 -23 . 28. 35 
8.0 77 58 51 . 1.80 —56 —14.1 198 -38 42 37 
9.0 83 44 3.5 1.50 -72 -14.2 195 —48 51 33 
10.0 86 30 2.4 1.32 -88 -14.5 188 -64 55 26 
11.0 87 16 1.1 1.13 -106 -14.8 182 -77 60 18 
12.0 91 1 —0.1 0.99 -123 -15.3 171 -91 65 7 


А model for this device is available іп the DEVICE MODELS section. 
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ATF-13036 





С) packano "RR 2-16 GHz Low Noise 
855 mE Gallium Arsenide FET 
Features | | | i 36 micro-X Package’ 
Low Noise Figure: 1.1 dB typical at 12 GHz | | i 
High Associated Gain: 9.5 dB typical at 12 GHz = йы 
е High Output Power: 17.5 dBm typical P: ав r 
at 12 GHz 







e Cost Effective Ceramic Microstrip Package 
e Tape-and-Reel Packaging Option Available’ 


2.11 (0.083) DIA. 
GATE 1 


(0.020) 





Description 
i | l | | SOURCE NOTES: 
The ATF-13036 is a high performance gallium arsenide ганс he чей 
Schottky-barrier-gate field effect transistor housed in a cost а — mm JAx210.13 
effective microstrip package. Its premium noise figure — (0.057 [pee 
makes this device appropriate for use in the first stage of low | l 0.15 + 0.05 
noise amplifiers operating in the 2-16 GHz frequency range. b rmm (0.006 1 
This GaAs FET device has a nominal 0.3 micron gate length | 13 т 
with а total gate periphery is 250 microns. Proven gold “з _ 
based metallization systems and nitride passivation assure (0.022) 4.57 + 0.25 
a rugged, reliable device. d ú (9:150 2 9.010) 


OPTIMUM NOISE FIGURE AND 
ASSOCIATED GAIN vs. FREQUENCY 


VDS = 2.5 V, 10$ = 20 mA, ТА = 25°С 


Noise Parameters: Vos = 2.5 V, 105 = 20 mA 


Freq. ji. Gamma Opt 
еж E Ang 












NFo, dB 





2.0 4.0 6.0 8.0 10.0 120 16.0 
Frequency, GHz 


Electrical Specifications, TA = 25°С 


Әлі РТИ МЕ Me | Туһ | мы 





NFO Optimum Noise Figure: f= 8. 
VDS = 2.5 V, IDS = 15 - 30 mA f = 12. de 
f z 14. dB 
GA Gain @ МЕо: Vps = 2.5 V, Ips = 15- 30 mA f= 8. dB 
f = 12. dB 
f = 14. dB 
P1 dB Output Power @ 1 dB Gain Compression: f = 12. dBm 





VDS = 4 V, IDS = 40 mA 
G1 dB 1 dB Compressed Gain: Vps = 4 V, Ips = 40 mA f = 12.0 GHz 


WCHEREKIT ТЕТГГА ЕСИ KC 72 ME San NEN IANUE 
ss Зала Dra Curent Vos=28VivageOV А ә» ю_ 
| ve |  PinhofVotag;Vps-25V,lps- 1mà |) у | -40 |-5 | 5 | 


Notes: 1. Long leaded 35 package available upon request. 
2. Refer to PACKAGING section "Tape-and-Reel Packaging for Surface Mount Semiconductors". 
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ATF-13036 2-16 GHz 
Low Noise Gallium Arsenide FET 


Absolute Maximum Ratings 


Absolute 
renee [ome | SS 


Drain-Source Voltage. +5 V 


Part Number Ordering Information 


Part Number ыраш Per Reel 




















“ Gate-Source Voltage —4\ ATF-13036-TR1 _ 
Drain Current IDSS ATF-13036-TR2 
Power Dissipation?? 225 mW ATF-13036-STR 
Channel Temperature 175°С For more information, see "Tape and Reel Packaging Ë 
Storage Temperature‘ —65°C to +175°C U 


for Semiconductor Devices", page 14-14. 


Notes: | Typical Performance, Ta = 25°C 
1. Operation of this device above any one of these parameters may (unless otherwise noted) 
cause permanent damage. 
‚2. Case Temperature = 25°C. 


3. Derate at 2.5 mW/°C for TCASE > 85°C. 


4. Storage above +150°С may tarnish the leads of this package 
making it difficult to solder into a circuit. After a device has been 
soldered into a circuit, it may be safely stored up to 175°С. 


5. The small spot size of this technique results т a higher, though 
more accurate determination of g,. than do alternate methods. 
See MEASUREMENTS section Bic more information. 


INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Vos = 2.5 V, Ips = 20 mA 


OPTIMUM NOISE FIGURE AND ASSOCIATED 
GAIN vs. 0$ 


f = 12.0 GHz, Vos = 2.5 V 


Gain, dB 


NFo, dB 





10.0 12.0 16.0 





2022 40 60 . 80 
i ` Frequency, GHz 





ТА = 25°C, Vos = 2.5 V, Ips = 20 mA 











Freq. 31 S21 S12 S22 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
2.0 .96 -40 12.4 4.19 134 -28.0 040 _ 67 56 _ —20 
3.0 88 -52 11.4 3.72 112 -25.5 053 58 .58 -—27 
4.0 .81 —66 11.5 3.77 93 —22.7 .073 50. „55 —34 
5.0 .68 —98 12.0 3.99 73 -20.1 .099 31 _ „43 —54 
6.0 .55 —137 11.5 3.75 52 —19.0 .112 14 .30 —80 
7.0 53 —168 11.0 3.53 27 -18.1 125. 0 .21 -103 
8.0 51 161 10.3 3.27 2 -17.1 .139 —11 .14 -135 
9.0 51 120 10.2 3.25 -19 -16.1 .156 —25 .10 163 
10.0 .56 84 9.2 2.87 —41 —16.1 .157 -43 .18 110 
11.0 .60 50 8.3 2.61 —61 -16.2 .155 —55 .24 87 
12.0 .62 44 7.8 2.45 —84 -16.7 .147 —62 .26 64 
13.0 .64 _ 36 7.3 2.32 --102 -17.0 141 —73 7 46 
14.0 (67 16 6.6 2.14 —120 -17.9 .128 —85 .30 20 
15.0: 73 -6 5.2 1.83 —139 —19.2 .110 -9/ _.36 -4 
16.0 AT —22 4.2 1.62 —157 —20.6 .093 -112 39 —14 


A model for this device is available in the DEVICE MODELS section. 
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ATF-13100 


3 жеміт | М = = - 2-18 GHz Low Noise 
Gallium Arsenide FET 








Features | | ME mE Chip Outline 
° Low Noise Figure: 1.1 dB typical at 12 GHz | | 


e High Associated Gain: 9.5 dB typical at 12 GHz 


е High Output Power: 17.5 dBm typical Р: ав 
at 12 GHz 


356 „т 
_ 14 mil 








44 um 
1.73 mil 


Description = Е | м 
The ATF-13100 is a high performance gallium arsenide mn mm 


Schottky-barrier-gate field effect transistor chip. This device 118 ит. 
is designed for use т low noise, wideband amplifier and 4.65 mil 92 „т 
oscillator applications in the 2-18 GHz frequency range. 254 шт 3.62 mil 


This GaAs FET device has a nominal 0.3 micron gate length 10 mit 
with a total gate periphery of 250 microns. Proven gold 

based metalization systems and nitride passivation assure a 

rugged, reliable device. 








° А . | mM BL d 1136 
The recommended mounting procedure is to die attach at a 1.97 mil 
stage temperature of 300, C using a gold-tin preform under 
forming gas. Assembly can be preformed with either wedge 
or ball bonding using 0.7 mil gold wire. See also "Chip Use" in 
the APPLICATIONS section. | 


OPTIMUM NOISE FIGURE AND 


ASSOCIATED GAIN vs. FREQUENCY. Noise Parameters: Vos = 2.5 V, Ips = 20 mA 
_ ТА = 25°С, Vos = 2.5 V, 1р5 = 20 mA | | 


батта Орї 
Мас 





2.0 Б 4.0 60 80 10.0 120 16.0 
| . Frequency, GHz 


Electrical Specifications, TA = 25°С 


"ыша темная — — а T [s ы 












Optimum Noise Figure: f = 8.0 
VDS = 2.5 V, Ips = 15 - 30 mA f= 12. dB 
f = 15. dB 
‘Gain @ NFo: Vps = 2.5 V, IDS = 15 - 30 mA f = 8.0 dB 
| f = 12. dB 
f = 15. dB 
P1 dB Output Power @ 1 dB Gain Compression: f = 12. dBm 
_ VDS = 4 V, IDS = 40 mA 
G1 dB Е dB Compressed Gain: Vps = 4 V, IDS = 40 mA f 12.0 GHz dB 
| gm |  Transconductance: Vos = 2.5 V, Vas = 0 V "mmo | 30 | s | — 
| loss |  Saturated Drain Current: Vos = 2.5 V, Vas = 0 V | mA | 4o | 50 | 9 | 
_ Pinchoff Voltage: VDS = 2.5 V, IDS = 1 mA 





| v | -30 | -15 | -o8 | 


Note: 1. RF Performance is determined by assembling and testing 10 samples per wafer. 
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ATF-13100, 2-18 GHz 
Low Noise Gallium Arsenide FET 


n ee Se 
UM 
re P 4, ; 


Absolute Maximum Ratings - 


Absolute 
кисини 


Drain-Source Voltage +5 V 


Part Number Ordering Information 


Part Number Devices Per Tray 




























Gate-Source Voltage 1—4 М ATF-13100-GP1 | | 5. 
Drain Current IDSS ATF-13100-GP3 50 
Total Power Dissipation?? 225 mW ATF-13100-GP6 up to 300 
Channel Temperature 175?C 

Storage Temperature —65?C to +175°C 


Notes: | ü | Typical Performance, Ta = 25°C 
1. Operation of this device above any с one of these parameters (unless otherwise noted) 

may cause permanent damage. Aa : | 
2. Mounting Surface Temperature = 25°C. 


3. Derate at 4 mW/°C for TMOUNTING SURFACE > 119°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Ө than do alternate methods. 
See MEASUREMENTS section for more information. 


OPTIMUM NOISE FIGURE AND 
ASSOCIATED GAIN vs. lbs 


f = 12.0 GHz, Vps = 2.5 V 





NFo, dB 








Typical Scattering Parameters: Common Source, Zo = 50 О ТА = 25°С, Vos = 2.5 V, Ips = 20 mA 





Freq. а | L2: е 2 322 _ 
GHz мад ` Ang dB Mag Ang dB Mag Ang Mag Ang 
2.0 .96 -27 13.4 4.68 153 -26.9 045 7555 -16 . 
30 .92 s 13.4 4.65 . 140 _ -23.6 .066 67 52. 24 
40 ‚85 —58 13.1 4.54 126 -21.4 085. 59 49 -33 
5.0 79 72-76 12.9 4.40 13 —19.8 102 ` 50 222,44 -41 
6.0 73 -95 12.4 4.19 100 —18.7 .116 | 42 38 -48 
_ 7.0 .68 -113 | 120 3.97 87 -18.0 .126 34 30 -54 
8.0 63 -132 || 114 3.71 75 -17.5 134 25 24 -64 
9.0 62 -151 10.9 3.51 63 74 140 18 18 -75 
10.0 .59 —167 10.3 3.27 53 —16.8 144 11 13 -84 
110 — .59 173 9.7 3.07 . 40 -16.5 149 2 08 —104 
12.0 57 155 9.0 2.83 30 —16.5 150 -9 02 160 
13.0 60 136 8.6 2.69 19 —16.4 151 -16 08 106 
140 - 64 116 _ 7.9 2.47 7 —16.4 151 -25 15 103 
150 | 67 98 7.1 2.26 -6 -16.4 152 -34 23 100 
16.0 _ 73 83 5.8 1.96 -16 -16.9 143 -40 31 90 
17.0 ` 77 72 4.6 1.70 -26 -17.0 141 -45 36 82 
180 80 63 3.5 1.50 -35 -17.4 135 -48 40 72 


————————— Án ия | | 


A model for this device is available in the DEVICE MODELS section. - 
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HEWLETT | _ ATF-13136 


сл 








PACKARD | . 2-16 GHz Low Noise 
Gallium Arsenide FET 
Features | | Е | 36 micro-X Package’ | 


e Low Noise Figure: 1.2 dB typical at 12 GHz | 
° High Associated Gain: 9.5 dB typical at 12 GHz = 
e High Output Power: 17.5 dBm typical P1 ав 

at 12 GHz 
° Cost Effective Ceramic Microstrip Package 
e Tape-and-Reel Packaging Option Available? 






. 2.11 (0.083) DIA. 






0.508 
220020) 





Descri ption | | SOURCE т. DIMENSIONS IE IN 245. (INCHES) 
| 2. TOLER ES: in .xxx:= + 5 

The ATF-13136 is a high performance gallium arsenide 1.45 + 0.25 кү? жынын ыы 

Schottky-barrier-gate field effect transistor housed in a cost (0.057 t 0.010) “стос, 

effective microstrip package. Its premium noise figure | vein 

makes this device appropriate for use in the first stage of low А — wn 

noise amplifiers operating in the 2-16 GHz frequency range. г" F 

This GaAs FET device has a nominal 0.3 micron gate length 0.56 | 

with a total gate periphery of 250 microns. Proven gold (0.022) tes а | 


based metallization systems and nitride passivation assure 
a rugged, reliable device. 


OPTIMUM NOISE FIGURE AND 
ASSOCIATED GAIN vs. FREQUENCY 


Vos = 2.5 V, Ips = 20 mA, ТА = 25°C 


Noise Parameters: Vps = 3 V, Ips = 20 mA 


Gamma Opt 
Mag Ang 


NFo, dB 





| r 0 
6.0 80 10.0 12.0 14.0 16.0 
Frequency, GHz 





Electrical Specifications, Ta = 25°C 


| Symbol | Parameters and Test Conditions “шысы Га” 




















Тур. | Max _ 
МЕО Optimum Noise Figure: 
VDS = 2.5 У, 105 = 15-30 тА = 
GA Gain @ NFo: Vps = 2.5 V, 10$ = 15 - 30 mA 
P1 dB Output Power Q 1 dB Gain Compression: 
| VDS = 4 V, 10$ = 40 тА 

С1 ав 1dB Compressed Gain: Vps = 4 V, 10$ = 40 mA |. 
| gm |  Transconductance: Vos = 2.5 V, Vas = 0 V | 55 | |. 
| 1066 | Saturated Drain Current: Vos = 2.5 V, Vas 0V — | 50 | 90 — 


Pinchoff Voltage: Vos = 2.5 V, IDS = 1 mA 


Notes: 1. Long leaded 35 package available upon request. 
2. Refer to PACKAGING section "Tape-and-Reel Packaging for Surface Mount Semiconductors". | 
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ATF-13136, 2-16 GHz 
Low Noise Gallium Arsenide FET 





Absolute Maximum Ratings 


Absolute 
ee |ы [ШЫ 


Drain-Source Voltage +5 V 


Part Number Ordering Information 


Devices Per Reel 






























Gate-Source Voltage | 4V | ATF-13136-TR1 | 

Drain Current 1058 ATF-13136-TR2 

Power Dissipation?? 225 mW ATF-13136-STR 

Channel Temperature 175*C For more information, see "Tape and Reel Packaging 
Storage Temperature* —65°С to +175°С for Semiconductor Devices", » page 14-14. 


Notes: Е | Typical кали TA = 25°С 
1. Operation of this device above any one of these parameters | (unless otherwise noted) 

may cause permanent damage. | à 
2. Case Temperature = 25°С. 


3. Оегае at 2.5 mW/°C for TCASE > 85°С. 


4. Storage above +150°С may tarnish the leads of this package 
making it difficult to solder into a circuit. After a device has been s 
soldered into a circuit, it may be safety stored up to 175°С. Е | “ом Ж 


5. Тһе small spot size of this technique results іп a higher, though 
.. more accurate determination of Ө than do alternate methods. 
See MEASUREMENTS section for more information. 


OPTIMUM NOISE FIGURE АМО. | INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
ASSOCIATED GAIN vs. Ips AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Vos = 2.5 V, f = 12.0 GHz Vos = 2.5 V, 105 = 20 тА — 





Gain, dB 














0 - | — 
_ 20 | 40 бо 80 10.0 120 160 
_ Frequency, GHz 
Typical Scattering Parameters: Common Source, Zo = 50 Q ТА = 25°C, Vos = 2.5 V, lbs = 20 mA 
Freq. S4 S21 S12 5 22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
2.0 95 —42 11.2 3.65 134 —26.7 046 62 56 -37 
3.0 87 -65 10.7 3.43 112 . -24.2 062 40 53 -47 
4.0 84 -85 10.3 3.28 93 —22.3 077 31 53 —54 
5.0 78 -104 10.1 3.21 73 -20.3 097 18 48 -62 
6.0 69 -128 10.4 3.30 52 -18.6 11/ 7 43 —76 
7.0 59 —163 10.4 3.32 27 -17.3 137 —12 35 -95 
8.0 54 157 9.8 3.10 2 —17.0 142 -27 26 —110 
9.0 55 121 9.2 2.89 -19 -16.3 153 -43 15 -119 
10.0 54 93 8.7 2.71 —41 -16.0 159 -58 07 -142 
11.0 56 64 8.1 2.54 |. —61 -16.2 155 -73 06 92 
12.0 61 37 7.4 2.34 -84 -16.8 144 -89 15 46 
13.0 65 19 6.8 2.18 -102 —17.6 132 —100 18 23 
14.0 65 7 6.4 2.09 —120 —18.0 126 -114 19 -2 
15.0 | .67 -6 5.9 21048. -139 _ -18.2 .123 —119 2416 -27 
16.0 .68 -25 . 5.8 1.84 .  -170 —18.4 120 -134 |. 413 —30 


A model for this device is available т the DEVICE MODELS section. 
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HEWLETT 
PACKARD 


O 





Features 


e Low Noise Figure: 1.0 dB typical at 12 GHz 
е High Associated Gain: 10.0 dB typical at 12 GHz 


High Output Power: 17.5 dBm typical P1 aB 
at 12 GHz 


Hermetic Gold-Ceramic Microstrip Package 


Description 


The ATF-13170 is a high performance gallium arsenide 
Schottky-barrier-gate field effect transistor housed in a 
hermetic, high reliability package. Its premium noise figure 
makes this device appropriate for use in low noise amplifiers 
operating in the 2-16 GHz frequency range. 


This GaAs FET device has a nominal 0.3 micron gate length 
with a total gate periphery of 250 microns. Proven gold 
based metallization systems and nitride passivation assure 
a rugged, reliable device. | 


OPTIMUM NOISE FIGURE AND 
ASSOCIATED GAIN vs. FREQUENCY 


TA = 25?C, Vps = 2.5 V, 0$ = 20 mA 





6.0 
Frequency, GHz 


80 100 120 16.0 


Electrical Specifications, Ta = 25°C 


| Symbol | Parameters and Test Conditions 





Optimum Noise Figure: Vps = 2.5 V, IDS = 20 mA 


Gain @ NFO: VDS = 2.5 V, 10$ = 20 mA 





Output Power @ 1 dB Gain Compression: 
VDS = 4 V, IDS = 40 mA 


1 dB Com 





ressed Gain: Vps = 4 V, IDS = 40 mA 
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_ ATF-13170. 
. 2-16 GHz Low Noise | 
Gallium Arsenide FET 


70 mil Package 


040 
1.02 
| SOURCE 






020 
.508 


DRAIN Ж: 
Notes: d 


_ (unless otherwise specified) 


n 
1. Dimensions are mm 
.2. Tolerances 
in .xxx = + .005 


SOURCE mm хх = +.13 


.004 + .002 
"| + ‚05 


т 7711 


Noise Parameters: Vos = 3 V, Ips = 20 mA 


.495 + .030 
12.57 + .76 













ATF-13170, 2-16 GHz 
Low Noise Gallium Amos FET 


Absolute Maximum Ratings. ы | Typical Performance, Ta = 25°C - 
Absolute 
m 


(unless otherwise noted) 






























Drain-Source Voltage +5 V 

.. Gate-Source Voltage AV 
Drain Current . IDSs 
Power Dissipation?’ 225 mW 
Channel Temperature 175°C 
Storage Temperature — —65?C to +175°C 


Notes: 


1. Operation of this device above any one of these parameters 
may cause permanent damage. 


Case Temperature = 25°C. 


Derate at 2.9 mW/°C for TCASE > 96°C. 


. The small spot size of this technique results in a higher, though 
more accurate determination of Qi, than do alternate methods. 
See MEASUREMENTS section er more information. 


һо № 


OPTIMUM NOISE FIGURE AND 
ASSOCIATED GAIN vs. Ips AND Vos 


Vos = 2.5 V, f = 12.0 GHz 


INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN | 
.— AND MAXIMUM STABLE GAIN vs. FREQUENCY 


Vps = 2.5 V, 105 = 20 мА . . 


NFo, dB 





2.0 4.0 | 60 80 10.0 120 16.0 





Typical Scattering Parameters: Common Source, Zo = 50 © TA = 25°C, Vos = 2.5 V, Ips = 20 mA 











Freq. S1 S21 $12 S 22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
2.0 97 -36 11.4 3.73 143 —28.4 038 65 48 —28 
3.0 94 -51 11.2 3.63 128 —25.3 054 55 47 —39 
4.0 90 —69 10.9 3.51 111 —23.1 070 43 45 —53 
5.0 86 -85 10.5 3.34 _ 94 -21.6 083 32 44 -67 
6.0 82 -101 10.1 3.20 . 78 —20.6 093 20 42 —79 
7.0 77 —116 9.7 3.06 63 -19.8 102 10 41 -91 
8.0 74 —127 9.3 2.92 50 -19.3 108 2 40 -99 
9.0 70 -140 8.9 2.79 37 -18.7 116 -7 40 -109 
10.0 67 -153 8.7 2.73 23 —18.2 123 —17 41 —120 
11.0 64 —167 8.6 2.69 8 —17.7 131 —28 41 -130 
12.0 60 179 8.4 2.64 -7 -17.2 137 -39 40 —139 
13.0 57 166 8.3 2.59 -21 -16.8 144 -50 .39 —148 
14.0 53 (153. 8.3 2.60 · -33 -16.3 .153 --59 38. —155. 
15.0 48 136 | 8.3 2.61 -49 -15.6 .166 -73 (437. -167 
16.0 ` 41 112 8.4 2.62 -67 -14.9 .180 -88 22434 180 
170 36 79 8.3 2.61 —86 -14.4 .191 —105 26 | .170 
18.0 .35 34 | 82 2.56 -107 -14.0 200 —124 17 170 


A model for this device is available in the DEVICE MODELS section. 
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O HEWLETT | m ATF-13284 











PACKARD | | | 7 ^7 '"* $1$-6GHzLow Noise 
RS "E . Gallium Arsenide FET 

Features | 84 Plastic Package 

Low Noise Figure: 0.7 dB typical at 4 GHz | mE 

High Associated Gain: 15.0 dB typical at 4 GHz | | 0.51 (0.020) — sm : 
е High Output Power: 18.0 dBm typical Р: ав EL 

at 4 GHz | 

e Low Cost Plastic Package DRAIN 


е Tape-and-Reel Packaging Option Available! 


Description 


The ATF-13284 is a high performance gallium arsenide 
Schottky-barrier-gate field effect transistor housed in a low 
cost plastic package. Its low noise figure makes this device 
appropriate for use in the first or second stages of low noise 
amplifiers operating in the 1-16 GHz frequency range. 


0.20 + 0.050 
(0.008 + 0.002) 


1.52 + 0.25 







This GaAs FET device has а nominal 0.3 micron gate length (0.060 + 0.010) — E; 
with a total gate periphery of 250 microns. Proven gold _ 546+025 | 
based metallization systems and nitride passivation assure 0.51 (0.215 + 0.010) 


a rugged, reliable device. | | 0.020) 


DIMENSIONS АНЕ ІМ MILLIMETERS (INCHES) 


22257 OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN 
vs. FREQUENCY 


TA = 25°C, Vos = 2.5 V, ibs = 20 mA | I "i — е 
Noise Parameters: Мр = 2.5 V, Ips = 20 mA 


Ga; dB 





0 0 
20 4.0 6.0 8.0 10.0 12.0 16.0 
Frequency, GHz 


Electrical Specifications, TA = 25°С 


Parameters and Test Conditions 











Optimum Noise Figure: 
_ VDS = 2.5 V, IDS = 15 - 30 mA 


Gain © NFo: Vos = 2.5 V, Ips = 15 - 30 mA 









Power Output @ 1 dB Gain Compression: 


VDS = 4 V, IDS = 40 mA 
1dB Compressed Gain: Vps = 4 V, Ips = 40 mA 
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ATF-13284, 1-16 GHz 
Low Noise Gallium Arsenide FET 


Absolute Maximum Ratings | 


Absolute 
ome oes | ШЕШ” 


Drain-Source Voltage | || *5V 


Part Number Ordering Information 


° Рам Number Devices Per Reel 






































` Gate-Source Voltage | 24У | ATF-13284-TR1 1000 
Drain Current IDSS ATF-13284-TR2 4000 
Total Power Dissipation?? 225 mW ATF-13284-STR 1 
Channel Temperature 175°С For more information, see "Tape and Reel Packaging. 
Storage Temperature —65°С to.+150°C for Semiconductor Devices", page 14-14. 


Notes: === Typical Performance, Та = 25°С 
1. Operation of this device above any one of these parameters (unless otherwise noted) 

may cause permanent damage. - 
2. Case Temperature = 25°С. 


3. Derate at 3.1 mW/°C for Tc > 102°C. 


4. The smail spot size of this technique results in a higher, though 
more accurate determination of g,. than do alternate methods. 
See MEASUREMENTS section for more information. 


INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY | 


Vos = 2.5 V, Ips = 20 mA 











929 | 4.0 60 80 10.0 12.0 16.0 
| Frequency, GHz 
Typical Scattering Parameters: Common Source, Zo = 50 2 TA = 25°C, Vos = 2.5 V, Ips = 20 mA 
Freq. —— LL... ERES — S _— So _ 
GHz Mag Ang © dB Mag Ang dB Mag Ang Mag Ang 
0.5 99 -11 10.2 3.22 169 -36.5 015 80 50 -11 
1.0 98 -21 10.2 3.24 157 -32.8 023 74 50 -17 
2.0 97 -33 10.3 3.26 145 —26.9 045 67 50 —24 
3.0 91 -52 10.4 3.30 127 -23.2 069 55 49 -37 
4.0 84 -78 10.5 3.36 108 -20.7 092 42 47 -50 
5.0 77 -91 10.2 3.23 91 -19.3 109 31 46 -61 
6.0 70 -108 9.8 3.08 76 -18.3 121 22 45 -71 
7.0 64 -123 9.3 2.93 62 -17.6 132 14 43 -79 
8.0 59 -142 9.1 2.85 47 -16.9 153 5 39 -89 
9.0 54 -166 8.8 2.74 30 -16.3 153 -5 33 -104 
10.0 51 168 8.3 2.59 14 -16.0 159 -15 25 | -123 
11.0 51 147 7.4 2.34 -2 —16.2 155 -22 19 -151 
12.0 48 127 70 2.25 —12 —16.0 159 —30 14 -171 
13.0 51 108 6.7 2.17 -26 _ —15.9 161 -35 12 177 
140 ^ 57 4 © 61 2.02 | -41 | -16.0 .160 -46 12 144 
15.0 22 .59 70 56 . 1.90 —57 -16.1 ` 158 -53 (445 102 
160 62. 58 5.1 179  —66 . -16.1 157 -59 121 274. 
17.0 63 46 4.6 1.69 -80 -16.1 157 -67 28 60 
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ATF-13336 





ЛД HEWLETT mE _ 2-16 GHz Low Noise 
Г] eina Gallium Arsenide FET 
Features В | 36 micro-X Package' 


e Low Noise Figure: 1.4 dB typical at 12 GHz 
e High Associated Gain: 9.0 dB typical at 12 GHz 
е High Output Power: 17.5 dBm typical P1 ав 
at 12 GHz 
e Cost Effective Ceramic Microstrip Package 
Tape-and-Reel Packaging Option Available? 






2.11 (0.083) DIA. 


Description NOTES: 
р | SOURCE ү DIMENSIONS ARE IN MILLIMETERS (INCHES) 
2. TOLERANCES: іп .ххх = + 0.005 


The ATF-13336 is a high performance gallium arsenide 





| mm .xxz + 0.13 

_ Schottky-barrier-gate field effect transistor housed іп a cost ped Е: Е 

effective microstrip package. Its premium noise figure quel аа 

makes this device appropriate for use in the second stage of I (0.006 + 0.002) 

low noise amplifiers operating in the 2-16 GHz frequency ЕН _ 4 

range. ТУ 1 

This GaAs FET device has a nominal 0.3 micron gate length . - Poll 4.57 + 0.25 Е 

with a total gate periphery of 250 microns. Proven gold (0.180 + 0.010) 


based metallization systems and nitride passivation assure 
a rugged, reliable device. 


OPTIMUM NOISE FIGURE AND 
ASSOCIATED GAIN vs. FREQUENCY 


Vos = 2.5 V, 105 = 20 mA, Ta = 25°C 
Noise Parameters: Vps = 2.5 V, Ips = 20 mA 


Gamma Opt 
Mac 





6.0 8.0 10.0 . 12.0 140 16.0 
Frequency, GHz 





Electrical Specifications, Ta = 25°C 


| Symbol | Parameters and Test Conditions 


NFO Optimum Noise Figure: OG 
|  VDS = 2.5 V, 10$ = 15 - 30 тА : 
GA Gain @ NFo: Vps = 2.5 V, IDS = 15 - 30 mA | 





P1 dB Output Power @ 1 dB Gain Compression: | 
VDS = 4 V, 10$ = 40 mA J . 
G1 dB 1 dB Compressed Gain: Vps = 4 V, Ips = 40 mA f = 12.0 GHz 


Transconductance: Vps = 2.5 V, Vas = 0 V | | | mmho | 


| 1055 | Saturated Drain Current: Vps = 2.5 V, Vas = OV : 


_ Pinchoff Voltage: VDS = 2.5 V, IDS = 1 mA 


Notes: 1. Long leaded 35 Package available upon request. 
2. Refer to PACKAGING section "Tape-and-Reel Packaging for Surface Mount Semiconductors". 
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ATF-13336, 2-16 GHz 
Low Noise Gallium Arsenide FET 


Absolute Maximum Ratings | "E 


| Parameter | Symbol tate Part Number Ordering Information 


Drain-Source Voltage VDS +5 V 




















Gate-Source Voltage -4У ATF-12336-TR1 | 

Drain Current IDSS ATF-13336-TR2 

Power Dissipation?? 225 mW ATF-13336-STR 

Channel Temperature 175°C For more information, see "Tape and Reel Packaging | 
Storage Temperature‘ —65°С to +175°С for Semiconductor Devices", раде 14-14. . |... 4. 





Typical Performance, Ta = 25°С | 


Notes: mE 
(unless otherwise noted) 


1. Operation of this device above any one of these parameters 
may cause permanent damage. E 


2. Case Temperature z 25?C. 


3. Derate at 2.5 mW/°C for TCASE > 85°C. 

4. Storage above +150°С may tarnish the leads of this package 
difficult to solder into a circuit. After a device has been soldered 
into a circuit, it may be safety stored up to 175°C. 

5. The small spot size of this technique results in a higher, though 


more accurate determination of g,- than do alternate methods. 
See MEASUREMENTS section іг more information. 


OPTIMUM NOISE FIGURE AND | INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 


ASSOCIATED GAIN vs. 10$ AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Vos = 2.5 V, f = 12.0 GHz Vos = 2.5 V, Ips = 20 mA 














20 | 40 60 8.0 10.0 120 16.0 
| Frequency, GHz 
ae АА а ЦАА 
Typical Scattering Parameters: Common Source, Zo = 50 © |. Ta = 25°С, Vos = 2.5 V, Ibs = 20 mA 
Freq. S1 S21 S12 S 22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
2.0 .96 -51 10.6 3.39 127 -27.1 044 57 61 -41 
3.0 88 -75 103 3.28 106 — -23.4 060 333 ` .58 —51 
4.0 .86 -96 10.1 3.19 86 -22.6 074 25 57 57 
5.0 79 -117 9.9 3.13 66 -20.6 .093 12 54o -65 
6.0 .69 -142 10.2. 3.22 46 —18.9 114 1 249: -79 
7.0 60 -178 101 3.21 21 -17.6 132 -18 ^42 -97 
8.0 54 141 9.8 3.10 = -4 -17.3 137 -3З 231 -112 
. 9.0 56 1903 |. 8.9 280 1-26 -16.7 147 48  .1 -121 
10.0 | 56 74 8.3 2.60 -48 -16.5 .150 -63 .09 -145 
11.0 .. .58 44 | 7.6 2.39 -68 -16.8 145 -78 07 8 2 
120 с .63 20 | 067. 2.17 -90 |^  -175 383 -5 2,6 4 — 
13.0 .65 3. 60 2.00 —108 -18.3 121 —107 =. .19 21 . 
140 66 — £455 1.89 —126 |». 18.9 114 -21 19h 
15.0 .70 -19 4.9 1.76 —144 | -19.0 112 -129 416. --28 





160 | 72 -94 44 1.66 -175 22-142 110 -4М420 14 -32 
A model for this device is available in the DEVICE MODELS section. | | | | | их | | 
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H EWLETT | ATF-13484 


l; 








PACKARD _ 1-16 GHz Low Noise 
. Gallium Arsenide FET · | 
Features | | MEM 84 Plastic Package 


e Low Noise Figure: 1.0 dB typical at 4 GHz 
e High Associated Gain: 14.0 dB typical at 4 GHz 


° High Output Power: 18.0 dBm typical Р: ав 
at4 GHz 


Low Cost Plastic Package | 
Tape-and-Reel Packaging Option Available’ 


Description 


The ATF-13484 is a high performance gallium arsenide 
Schottky-barrier-gate field effect transistor housed in a low 









cost plastic package. Its low noise figure makes this device ^ жо | 
appropriate for use in the first or second stages of low noise 152 «0.25 4 
amplifiers operating in the 1-16 GHz frequency range. (0.060 + 0.010) — F 






This GaAs FET device has a nominal 0.3 micron gate length 5.46 + 0.25 


with a total gate periphery of 250 microns. Proven gold 0.51 (0.215 + 0.010) 
based metallization systems and nitride passivation assure ` (0.020) | 
a rugged, reliable device. u Ë DIMENSIONS ARE IN MILLIMETERS (INCHES) 
OPTIMUM NOISE FIGURE AND ASSOCIATED GAIN | | 
| vs. FREQUENCY : | | 
ТА = 25°С, Vos = 2.5 У, 106 -2тА 00 Noise Parameters: Vps - 2.5 V, Ips = 20 mA | 









МРо, dB 
Ga, dB 





0 0 
2.0 4.0 60 80 10.0 120 16.0 
Frequency, GHz 


Electrical Specifications, Ta = 25°C 


| Symbol | _ Parameters and Test Conditions 
















NFO Optimum Noise Figure: 
VDS = 2.5 V, ID$ = 15 - 30 mA 
GA 


Gain @ NFo: Vps = 2.5 V, 10$ = 15 - 30 mA 





Output Power @ 1 d 
VDS = 4 V, IDs = 40 


1dB Compressed Gain: Vps = 4 V, Ips = 40 mA | 
|^ gm 0 Transconductance: Vps = 2.5 V, Vas = 0 V | mmho | 
| loss | Saturated Drain Current: Vos=25V,Vas=0V | m - 


B Gain Compression: 
mA 
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Absolute Maximum Ratings 





Drain-Source Voltage 45 V 









Gate-Source Voltage -4У 
Drain Current IDSS 

Total Power Dissipation?? ` 225 mW 
Channel Temperature | 175°С 
Storage Temperature |. | -65*C to +150°С 

















Notes: 


1. Operation of this device above any one of these parameters 
may cause permanent damage. | 


2. Case Temperature = 25°С. 


. Derate at 3.1 mW/°C for TC > 102°С. 


. The small spot size of this technique results т a higher, though 
more accurate determination of Ө than do alternate methods. 
See MEASUREMENTS section for more information. 


INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 


Vos = 2.5 V, 108 = 20 mA 





25 

20 
Ф 15 
= 
| 8 10 

5 

2.0 4.0 60 80 100 120 160 
Frequency, GHz 
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ATF-13484, 1-16 GHz 
Low Noise Gallium Arsenide FET 


Part Number Ordering Information 








. Part.Number 
ATF-13484-TR1 
ATF-13484-TR2 
ATF-13484-STR 







|| Devices Per Ree! | Reel Size 








For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


_ . INSERTION POWER GAIN, MAXIMUM AVAILABLE 
GAIN AND MAXIMUM STABLE GAIN vs. FREQUENCY 


VDS = 4.0 V, ips = 40 mA 





6.0 8.0 
Frequency, GHz 


10.0 12.0 16.0 





ATF-13484, 1-16 GHz 
Low Noise Gallium Arsenide FET 











Typical Scattering Parameters: Common Source, Zo = 500 TA = 28°C, Vps = 2.5 V, Ins = 20 mA 














Freq. $11 | _ Sz Е | S12 S22 
GHz Mag Ang > dB | Mag Ад ` GB: Mag Ang | Mag Ang 
05 99 | -12 ` 8.9 _ 279 170 -37.1 014 81 22150 -10 
1.0 .99 -22 8.5 2.67 158 -32.4 024 ` 78 50 | -18 
2.0 97 -35 8.2 2.56 143 -26.2 049 63 50 -26 
3.0 92 -53 8.4 2.64 126 -23.1 070 51 49 -38 
4.0 87 -73 8.5 2.66 107 -20.4 .095 38 45 -55 
5.0 80 -91 8.4 2.62 90 -18.9 113 28 41 —69 
6.0 75 —109 8.2 2.57 74 -17.3 136 16 38 -81 
7.0 69 -127 8.0 2.52 57 —16.6 .148 5 34 -91 
8.0 64 -148 7.7 2.43 41 -15.7 164 -5 31 -102 
9.0 61 -173 7.4 2.35 23 -15.4 169 -14 25 -117 
10.0 58 163 6.8 2.20 6 -15.4 170 -28 20 -134 
11.0 57 140 6.2 2.03 -11 -15.3 172 -38 16 —165 
12.0 56 119 5.8 1.95 -23 -15.4 170 -49 11 161 
13.0 60 97 5.6 1.90 -41 -15.5 168 —59 09 121 
14.0 .64 79 5.3 1.84 —56 -15.6 .166 -75 12 74 
15.0 67 66 4.6 1.70 -69 -15.7 164 -79 222470 52 
16.0 71 _ 49 3.9 1.57 -81 -15.8  .162 -82 22. 30 
17.0 73 38 3.1 1.43 -94 -15.9 160 -85 28 202 
18.0 75 27 2.3 1.30 -106 -16.0 158 —89 .34 (014 о 


в и 
ТА = 25°C, Vos = 4.0 V, Ips = 40 mA 


1.0 .98 -19 11.2 3.61 160 —33.2 .022 74 .61 —11 
2.0 .94 —40 11.3 3.67 141 —27.1 .044 65 .58 —25 
3.0 .88 -59 11.4 3.71 121 —23.4 .068 48 .54 -38 ` 
4.0 .80 -80 11.3 3.65 102 —21.6 .083 38 .48 -55 
5.0 .72 -99 10.9 3.50 84 -20.2 .098 27 44 —68 
6.0 65 -118 10.5 3.34 68 -19.1 .111 19 .40 —80 
7.0 .59 —137 10.1 3.20 51 -18.1 .124 7 ‚37 —89 
8.0 54 —159 9.7 3.04 36 -17.3 .136 0 .34 -100 
9.0 .52 175 9.1. 2.86 19 17.1 .140 -12 .29 -112 
10.0 .50 151 8.5 2.65 2 -16.5 .150 -21 923 -127 
11.0 .50 129 7.7 2.43 -13 -16.4 .152 -31 17 -150 
12.0 .51 108 7.3 2.32 —25 -16.4 .151 —40 .12 -175 
13.0 .55 87 7.0 2.25 —42 —16.4 .151 —47 09. 163 
14.0 .62 70 6.8 2.20 —56 -16.5 .150 —58 .09 106 
15.0 67 60 6.3 2.06 —66 -16.5 .149 —65 11 89 
16.0 69 44 5.6 1.90 -81 -16.7 .147 —72 15 64 
17.0 66 30 4.5 1.68 -95 -16.1 . .156 —82 19 57 
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ATF-13736 
HEWLETT 
O s З 2-16 GHz General Purpose 
Gallium Arsenide FET 





36 micro-X Package’ 


Features | 


e High Associated Gain: 9.0 dB typical at 12 GHz 

е High Output Power: 17.5 dBm typical Ріав / 0.285 SOURCE 

BE | — ati1i2GH2 | | | 

е Low Noise Figure: 1.8 dB typical at 12 GHz 
Cost Effective Ceramic Microstrip Package 








2.11 (0.083) DIA. 





° Tape-and-Reel Packaging Option Available? | GATE 1 
(0.020) 

Description SOURCE 2 DIMENSIONS ARE IN ana sg (INCHES) 

| 2. TOLERANCES: in  .xxx = + 0.005 
The ATF-13736 is a high performance gallium arsenide 25-0228 тт .xx = + 0.13 
Schottky-barrier-gate field effect transistor housed іп a cost (0.057 + 0.010) aio 
effective microstrip package. Its noise figure makes this 0.15 + 0.05 
device appropriate for use in the дат stages of low noise і "T 
amplifiers operating in the 2-16 GHz frequency range. | | p! я 
This GaAs FET device has a nominal 0.3 micron gate length oie 
with a total gate periphery of 250 microns. Proven gold (0.022) i 5. 


based metallization systems and nitride passivation assure 
a rugged, reliable device. 


OPTIMUM NOISE FIGURE AND 
ASSOCIATED GAIN vs. FREQUENCY 


J Vos = 2.5 V, Ips = 20 mA, ТА = 25°C 











Frequency, GHz 


Electrical Specifications, TA = 25°С 








Parameters and Test Conditions 












NFO Optimum Noise Figure: 
VDS = 2.5 V, 10$ = 15 - 30 mA 
GA Gain @ NFo: Vps = 2.5 V, 10$ = 15 - 30 mA | 
P1 dB Output Power @ 1 dB Gain Compression: | 
VDS = 4 V, IDS = 40 mA 
G1 dB 1dB Compressed Gain: Vps = 4 V, Ips = 40 mA f = 12.0 GHz dB 8.5 
| gm |  Transconductance: Vps = 2.5 V, Vas = 0 V | mmo | 2 | 5 | 2 
| 1035 | Saturated Drain Current: Vos = 2.5 V, Vas = 0 V | mA | 4 | 50 | 9 — 
Pinchoff Voltage: VDS = 2.5 V, 10$ = 1 mA С | 40 | —5 | 05 — 





Notes: 1. Long leaded 35 package available upon request. 
2. Refer to PACKAGING section "Tape-and-Reel Packaging for Surface Mount Semiconductors". 
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ATF-13736, 2-16 GHz 
General Purpose Gallium Arsenide FET 


Absolute 
Maximum! 


Absolute Maximum Ratings 


Dom [m 
VDS 























Drain-Source Voltage +5 V 
Gate-Source Voltage Vas AV € 
Drain Current | IDSS 

Total Power Dissipation2:3 225 mW 
Channel Temperature 175?C 
Storage Тетрегашге“ —65?C to +175°C 


Thermal Resistance: Өјс = 400°C/W; ТСН = 150°С 
Liquid Crystal Measurement; 1 шт Spot Size 


Notes: | 


1. Operation of this device above any one of these parameters 
may cause permanent damage. 


2. Case Temperature = 25°С. 


3. Derate at 2.5 mW/°C for TCASE > 85°C. 


4. Storage above +150°С may tarnish the leads of this package 
making it difficult to solder into a circuit. After a device has been 
soldered into a circuit, it may be safety stored up to 175?C. 


9. The small spot size of this technique results in a higher, though 
more accurate determination of Ө than do alternate methods. 
See MEASUREMENTS section fór more information. 






INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY 


VDS = 2.5 V, 10$ = 20 mA 


Gain, dB 





Frequency, GHz 


7-34 










Part Number Ordering Information 


_ ATF-13736-TR1 


ATF-13736-TR2 
ATF-13736-STR 


For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14, | 





Typical Performance, ТА = 25°C | | 


(unless otherwise noted) ` 


INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY 


. №08 = 4 V, Ips = 40 mA 





Frequency, GHz 


ATF-13736, 2-16 GHz 
General Purpose Gallium Arsenide FET 














Typical Scattering Parameters: Common Source, Zo = 50 © ТА = 25°С, Vps = 2.5 V, 10$ = 20 mA 
Freq. S1 S21 | S12 S22 
GHz Mag Ang dB Мад Ang dB . Mag Ang Mag Ang 
2.0 94 —46 11.0 3.56 128 -26.4 048 55 59 -36 
3.0 86 -70 10.2 3.23 109 . —25.2 055 40 57 -47 
4.0 84 -90 9.8 3.08 91 -23.1 070 31 56 -55 
5.0 77 —110 9.6 3.02 69 -20.9 090 18 52 -63 
6.0 68 -135 9.9 3.14 51 -19.3 109 7 47 -75 
7.0 59 -170 9,9 3.13 24 -18.0 126 -12 39 -92 
8.0 54 149 9.5 2.99 -1 -17.6 132 -27 30 -112 
9.0 56 112 8.8 2.75 -22 -16.9 143 -43 19 -121 
10.0 58 86 8.1 2.53 -43 -16.4 152 -58 11 -140 
11.0 60 63 7.6 2.41 -66 -16.5 149 -73 09 92 
12.0 64 39 7.0 2.24 -90 -17.1 140 -81 15 47 
13.0 68 20 6.4 2.08 —106 -17.6 132 -90 19 21 
14.0 70 9 | 6.0 1.99 —130 —18.0 .126 -97 19 -3 
15.0 72 -1 5.2 1.83 —145 -18.2 123 —111 15 -26 
16.0 74 -17 4.6 1.70 -177 -18.4 120 -129 11 -34 
ТА = 25°C, Vos = 4 V, Ips = 40 mA 
2.0 88 -44 13.5 4.73 130 -26.4 048 64 67 -28 
3.0 76 —68 13.0 447 107 24.9 057 52 61 -39 
4.0 _ ,68 _ -90 12.4 4.19 86 -22.5 075 / 39 57 —46 
5.0 56 -113 | 12.0 4.00 66 -21.0 089 32 52 —52 
6.0 42 -145 11.8 3.90 44 —19.8 .102 21 44 —61 
70 — "37 161 | 11.5 3.74 20 —18.6 117 _9 .31 -75 
80 _. 47 116 10.5 3.36 -3 -17.9 128 -5 17 -95 
9.0 57 9 9.4 2.96 -23 -17.2 138 -9 © 05 -143 
10.0 63 70 — 8.9 2.77 -41 -17.4 135 -28 06 128 
11.0 69 51 7.9 2.47 —63 -17.7 131 -39 47 100 
120 177 33 7.1 2.26 -82 —18.0 120 |  -52 26 75 
13.0 82 21 6.0 2.00 —101 —18.6 .118 —65 .35 62 
140 ©. .85 13 . 5.4 1.86 -117 -19.2 110 —75 .39 54 
15.0 83 _. 1 4.8 1.73 —134 -19.7 104 -83 A1 |. 49 





1 6.0 81 | -17 | _ 4.4 1.65 -154 -19.8 .102 —103 .42 _ 41 
A model for this device is available in the DEVICE MODELS section. | 
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HEWLETT 


Ф 











PACKARD 
Surface Mount Gallium 
Arsenide FET for Oscillators 
Technical Data 
ATF-13786 
Features _ 85 mil Plastic Surface Mount Description 
* Low Cost Surface Mount Package | Hewlett-Packard's ATF-13786 is 
Plastic Package | а low cost Gallium Arsenide 
е High fmax: 60 GHz Typical | Schottky barrier-gate field effect 
° Low Phase Noise at 10 | |  transistor housed in a surface 
GHz: -110 dBe/Hz @ 100 kHz mount plastic package. This 
Typical | device is designed for use in low 
“0 {Р t 10 GHz: | cost, surface mount oscillators 
qiie 0 Ped -— LM | operating over the RF and 
up - А microwave frequency ranges. 
* Tape-and-Reel Packaging = The ATF-13786 has sufficient 
Option Available | | E gain for easy use as a negative 
Pin Configuration | В cell, without excess gain that 


can lead to unwanted oscilla- 
tions and mode jumping. The 
gate structure used in the 
fabrication of this device results 
in phase noise performance 
superior to that of most other 
MESFETs. These features make 
this device particularly well 
suited for low power (< +10 
dBm) commercial oscillator 
applications such as are 
encountered in DBS, TVRO, and 
MMDS television receivers, or 
| | . Pin Description hand-held transceivers operat- 
. ico ubi jeep M 1 Gate ing in the 900 MHz, 2.4 GHz, 
Stable Gain vs. Frequency. 2 Source and 5.7 GHz ISM bands. 
Vos = 3 V, Ips = 40 mA. 3 Drain 
4 Source This GaAs FET device has a 
nominal 0.3 micron gate length 
with a total gate periphery of 
250 microns. Proven gold based 
metallization systems and 
nitride passivation assure a 
rugged, reliable device. 


GAIN (dB) 





FREQUENCY (GHz) 
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Absolute Maximum Ratings for the ATF-13786"! 


Absolute Maximum!!! 

































Drain-Source Voltage 4 
Gate-Source Voltage -4 
Drain Current Ipss 
Power Dissipation!’ 225 
Channel Temperature _ 150 
Storage Temperature -65 to +150 






Thermal Resistance? Ө. = 325°C/W 


Notes: | "NN 

1. Operation of this device above any one of these conditions may cause permanent damage. 
2. Tease = 25°C (Tease is defined to be the temperature at the ends of pins 2 and 4 where they 
contact the circuit board). | 

3. Derate at 3.1 mW/C for Тс > 60°C. 


Electrical Specifications for Фе ATF-13786, T; = 25°C, Vps = 3 V, Ips = 40 тА 
(unless noted) | | E | 


Symbol Uni 
Pas 
PN ibus 


= 
я 
сл 
бл | ex 


= e 
= 
© 


EFT Transconductance Vps = 3 V, Veg = 0 V | mS | 25 | 55 | 

© dms Saturated Drain Current Vps = 3 V, Vas = 0 V | mA | 50 | 70 | 10 ` 
Pinchoff Voltage Vos = 3 V, Ips = 1 mA ПУ | 20 -1.5 | -0.5 — 
Gate - Drain Breakdown Voltage Гос = 0.1 mA | v | 6B] 7| | 


5. The superior phase noise of this product results from the use of a gate structure optimized for noise performance. Typical 
performance of 10 GHz parallel resonated, lightly coupled oscillator using high Q dielectric resonator. 
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Typical Scattering POMMES Common Source, Z, = 50Q _ 
Vps = 3 V, Ing = 40 mA 


















ATF-13786-TR1 


7" 
| - ATF-13786-TR2 13" 
| АТЕ-13786- STR strip 





For more information, See "Tape and Reel Packaging 
for Semiconductor Devices" ‚ page 14-14. 
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-Package Dimensions. . "mme 
85 mil Plastic Package | 


` 0.51 (0.020) и ulli 





i dim SI 


0.66 (0.026) - 2.16 (0.085) a 0 


=. 


| OUTLINE 86 
$ ‘DIMENSIONS ARE IN MILLIMETERS (INCHES) 
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ATF-21100 (AT-8111) 
HEWLETT 
O PACKARD 0.5-6 GHz Low Noise 


Gallium Arsenide FET 








Features Chip Outline 


e Low Noise Figure: 0.9 dB typical at 4 GHz 
e High Associated Gain: 13.0 dB typical 
at 4 GHz 


° High Output Power: 23.0 dBm typical Р: ав 
at 4 GHz | 








еруу 
ШІ 





Description 


The ATF-21100 is a high performance gallium arsenide 
Schottky-barrier-gate field effect transistor chip. This device 
is designed for use in low noise or medium power amplifier 
applications in the 0.5-6 GHz frequency range. 


This GaAs FET device has a nominal 0.3 micron gate length 
using airbridge interconnects between drain fingers. Total 
gate periphery is 750 microns. Proven gold based 
metallization systems and nitride passivation assure a 
rugged, reliable device. . | NEo mma Opt 


The recommended mounting procedure is to die attach at a 
stage temperature of 300 C using a gold-tin preform under 
forming gas. Assembly can be performed with either wedge 
or ball bonding using 0.7 mil gold wire. See also “Chip Use" 
in the APPLICATIONS section. 


Electrical Specifications, TA = 25°С 
| Symbol Parameters and Test Conditions' 
Optimum Noise Figure: М05 = 3 V, 10$ = 20 mA 












Gain @ NFo: Vps = 3 V, Ips = 20 mA 





Output Power @ 1 dB Gain Compression: 
VDS = 5 V, 10$ = 80 mA 
1 dB Compressed Gain: Vps = 5 V, Ips = 80 mA 


Transconductance: Vps = 3 V, Vas = 0 V 


gm [mmho | 
өз | Saturated Drain Current: Vps-3V.Vas-OV ^ ^ ^ | ma | в - 
Pinchoff Voltage: Vos = 3 V, Ips = 1 mA 


Note: 1. RF performance is determined by assembling and testing 10 samples per wafer. 
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ATF-21100, 0.5-6 GHz 
Low Noise Gallium Arsenide FET 


Absolute Maximum Ratings | 


| Absolute | 
VDS 


. Drain Source Voltage 







+7 М 


Devices Per Tray | 















Gate-Source Voltage VGS —4 V ATF-21100-GP1 5 
Drain Current | IDSS ATF-21100-GP3 50 
Power Dissipation?’ 600 mW ATF-21100-GP6 up to 300 
Channel Temperature 175°С 
Storage Temperature | —65?C to +175°С 
шы Typical Performance, TA = 25°С 
1. Operation of this device above any one of these parameters (unless otherwise noted) | 
may cause permanent damage. un | 
2. Mounting Surface Temperature = 25°С. 
3. Derate at 6.7 mW/°C for TMOUNTING SURFACE > 85°C. 
4. The small spot size of this technique results in a higher, though 
more accurate determination of 0,- than do alternate methods. 
See MEASUREMENTS section fór more information. 
OPTIMUM NOISE FIGURE AND OPTIMUM NOISE FIGURE AND 


. ASSOCIATED GAIN vs. FREQUENCY 


VDS = 3 V, 05= 20 mA ASSOCIATED GAIN vs. Ips 


Vps = 3 V, f = 4.0 GHz 


NFo, dB 


NFo, dB 





Frequency, GHz 


Ips, mA 
INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY AND MAXIMUM STABLE GAIN vs. FREQUENCY 


Vps= ЗМ, 10$=`20 mA Vps= 5 V, Ipg= 80 mA 


Gain, dB 
Gain, dB 





0.5 1.0 2.0 4.0 6.0 8.0 10.0 
Frequency, GHz Frequency, GHz 
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ATF-21100, 0.5-6 GHz | 
Low Noise Gallium Arsenide FET. ` 











Typical Scattering Parameters: Common Source, Zo = 50 Q ТА = 25°С, Vos = 3 V, Ips = 20 mA 
Freq. | Su __ І | Sa | So | | 6% | 
GHz Mag Ang - dB . Mag Ang dB Mag Ang Mag Ang 

eS 

05 97 —20 14.0 500 166 —30.8 029 ` 77 .52 2-11 
1.0 95 -34 13.7 4.82 152 -24.7 058 73 48 -28 
2.0 83 -69 12.6 4.26 130 -20.2 098 56 43 -52 
3.0 70 -101 11.1 3.59 105 -18.2 123 45 39 -74 
4.0 63 -129 9,5 2.97 88 -17.3 136 39 36 -92 
5.0 60 -152 7.9 2.47 74 (2474 139 36 38 —107 
6.0 - .60 -169 7. 64 2.10 62 -17.0. AA 34 — 32 122 
7.0 .63 177 5.1 1.81 53 -17.0 142 33 . S3, -134 
8.0 .66 167 41 1.60 — 44 -16.8  .145 _ 32 33. . -145 
9.0 .68 160 3.1 1.44 | 36 -16.4 152 31 34 -154 

10.0 .70 155 2.1 132 28 -15.7 7 .164 27 33 —166 


( ass ыс cci i саар | EE 
ТА = 25°C, Vos = 5 V, los = 80 mA 


0.5 .96 —25 18.2 8.10 161 -344 .019 80 .50 -9 
1.0 .90 -50 17.4 7.41 144 —29.1 .035 |. 71 46 -і17 
2.0 .76 -89 15.1 5.72 117 —25.0 . .056 62 22437 | —26 
3.0 .68 -116 13.0 4.48 99 . -23.1 .070 60 ..91 -32 
4.0 .65 —137 11.3 3.66 85 -21.6 .083 61 .26 —38 
5.0 .63 —156 9.7 3.06 72 -20.3 .097 61 23 -49 
6.0 .62 —172 8.3 2.61 61 -18.9 .113 62 .20 —65 
7.0 .64 175 7.2 2.29 51 -17.8 .129 61 .19 —86 
8.0 .66 163 6.2 2.04 41 -16.7 .146 60 .20 -103 
9.0 68 151. _ 5.2 1.82 32 -15.7 .165 57 .22 -119 


10.0 .71 _ 139. 4.2 1.63 23 -14.7 .184 54 ` .26 —135 
A model for this device is available іп the DEVICE MODELS section. | 
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ATF-21170 (AT-8110) 
HEWLETT | 
O PACKARD 0.5-6 GHz Low Noise 
CILE о M EST PX TE . . . Gallium Arsenide FET 

Features m E | 70 mil Package 
“ Low Noise Figure: 0.9 dB typical at 4 GHz | 

e High Associated Gain: 13.0 dB typical at 4 GHz те 

е High Output Power: 23.0 dBm typical P1 ав 1.02 


: at 4 GHz | | 4[7] SOURCE 
e Hermetic Gold-Ceramic Microstrip Package m 


Description 


The ATF-21170 is a high performance gallium arsenide 
Schottky-barrier-gate field effect transistor housed in a 
hermetic, high reliability package. This device is designed | o А 

for use іп low noise or medium power amplifier applications — | (unless otherwise specified) 





in the 0.5-6 GHz frequency range. | | 1. Dimensions are mm 
mE _ 2. Tolerances 

This GaAs FET device has a nominal 0.3 micron gate length 2Llsounce in xxx = 1005 

using airbridge -interconnects between drain fingers. Total ' mm .xx = t .13 

gate periphery is 750 microns. Proven gold based | 

metallization systems and nitride passivation assure a 004 1.002 . .070 


rugged, reliable device. 


OPTIMUM NOISE FIGURE AND 
' ASSOCIATED GAIN vs. FREQUENCY 


Vos = ЗМ, 108 = 20 mA 








Gamma Opt 
Mag Ang 






Ги "|ж 
Гн | o 
"m me 
m те [ow 
FE 





Frequency, GHz 


Electrical Specifications, TA = 25°С 


Parameters and Test Conditions 









Optimum Noise Figure: VDS = З V, IDS = 20 mA 


Gain @ NFo: Vos = 3 V, 105 = 20 mA 








Output Power @ 1 dB Gain Compression: 
VDS = 5 V, 16$ = 80 mA 


1dB Compressed Gain: Vps = 5 V, IDS = 80 mA 
Transconductance: VDS = З V, Vas = 0 V 


| 1088 | Saturated Drain Current: Vos = 3 V, Vas = 0 V 


Pinchoff Voltage: VDS = 3 V, 10$ = 1 mA 


f 24.0 GHz 
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Low Noise Gallium Arsenide FET 


ATF-21170, 0.5-6 GHz 


Absolute Maximum Ratings 


` 
















%7У 





pe 


Drain-Source Voltage ^ 













Gate-Source Voltage Vas -4 V 

Drain Current IDSS 
Power Dissipation?? 600 mW 
Channel Temperature 175°С 
Storage Temperature —65°С to +175°С 





Notes: 





Operation of this device above any one of these parameters 
may cause permanent damage. 


Case Temperature = 25°С. 
Derate at 4 mW/°C for TCASE > 25°С. . 


The small spot size of this technique results in a higher, though 
more accurate determination of Ө, than do alternate methods. 
See MEASUREMENTS section fór more information. 


^ — INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY 
| _ Vos = 3 V, Ins = 20 mA 











Absolute 
Maximum! 





Typical Performance, Ta = 25°C 


(uniess otherwise noted) 


OPTIMUM NOISE FIGURE AND 
ASSOCIATED GAIN vs. IDS 


Vos = 3 V, f = 4.0 GHz 





14 8 
2 2 
10 
1.5 | 
9 10 
© 
ü 05 
0 -— 
0 10 20 30 40 50 6. 


INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN: 
_ AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Vos = 5 V, 108 = 80 mA 7 





Frequency, GHz 














A model for this device is available in the DEVICE MODELS section. - 
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_ 472 ) 165 | 


Typical Scattering Parameters: Common Source, 20 = 5 00 | _ ТА = 28°C, Vos = 3 V, Ins = 20 mA 
Freq. Зи | Sa | $12 m 522 
GHz Mag _ Ang dB Мад ` Ang , dB Mag Ang Mag Ang 
0.5 96 -9 15.5 5.93 157 -29.4 034 72. 4 -23 
1.0 491. -55 142 5.14 137 -24.3 .061 56 42 -42 
2.0 82 -95 12.1 4,05 106 -20.4 096 36 39 -70 
3.0 74 -193 10.2 3.23. 82 —19.5 106 21 (35 -91 
4.0 .70 -147 88 2.74 61 -18.7 .116 9. 33 -109 
5.0 _ .65 -170 7.3 233 41 —18.2 .123 -1 30 -127 
6.0 64. 167 6.3 2.07. 22 -17.7 131 -10 29 -145 
7.0 65 146 5.4 1.86 4 -17.5 .134 -17 26 -167 
8.0 66 126 4.5 1.67 -13 -17.0 141 -28 26 164 
9.0 .66 107 3.4 1.48 —30 —16.6 .148 -39 > ` 26 ©: 140°. 
. 100. 67 87 2.2 129 -47 ^  -162 ..155 -50 | 25 114 | 
i | au E ТА = 25?C, Vps z 5 V, №5 = 80 mA 
0.5 95 -43 18.3 8.24 149 -32.4 024 67 49 | -17 ` 
1.0 89 -64 17.4 7.28 133 —29.9 .032 59 46 -26 
2.0 78 -106 14.6 5.36 101 -25.2 055 44 40 -45 
3.0 .69 —133 12.4 4.18 79 -23.4 068 34 38 -60 
4.0- :64 -160 10.7 3.42 56. -22.7 073 31 36 -81 
5.0 60 175 9.1 2.85 37 -21.7 082 24 .35 -100 
6.0 61 154 _ 7.9 2.47 18 -20.4 .095 19 .33 -115 
7.0 61 136 6.9 2.22 2 -193 108 12 © 31 -132 _ 
80 63 120 6.2 2.05 -14 -17.9 2,27 7 | | 27 -152 
_ 9.0 64 102 “5.3 1.85 _ -32 -16.6 |  .148 0 |... 27 -179 ` 
10.0 .64 86 4.5 1.68  -48 -15.3 -13 > 229 


0.5 to 6 GHz General К urpose 





Gallium Arsenide FET 





Technical Data 


Features 
e Low Noise Figure: 
0.6 dB Typ. @ 2 GHz 
e High Output Power: 
19 dBm Typ. Pag @ 2 GHz 
е High MSG: 
. 13.5 dB Typ. @ 2 GHz 
e Low Cost Surface Mount 
_ Plastic Package 
e Tape-and-Reel Packaging E 
Option Availablel!! 


Mount Package 





Note: | 
1. Refer to "Tape-and-Reel Packaging for 
JA Surface Mount Semiconductors". 


TIT TIT 
ІШ 
Ш 
— Hm 

| SAL lus 

Lb 
РЕНА ^ 
MUN 
ШШ 11 
| ТІСІ 


FREQUENCY (GHz) 
ATF-21186 Insertion Power Gain, 


30 








GAIN (dB) | 





Maximum Available Gain, and Pin Description 
Maximum Stable Gain vs. 1 Gate 
Frequency. 
Vps = 2 V, Ins = 15 mA. 2 Source 

3 Drain 

4 Source 
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85 mil Plastic Surface 


U HEWLETT 
PACKARD 





ATF-21186 . 


Description 
Hewlett-Packard's ATF-21186 
is a low cost Gallium Arsenide 
Schottky barrier-gate field effect 
transistor housed in a surface 


mount plastic package. This ` 


general purpose device 13. 
designed for use in low noise 
amplifiers, gain stages, driver 
amplifiers, and oscillators 
operating over the VHF, UHF, 
and microwave frequency . 
ranges. High gain with two Volt. 


. operation makes this part 
attractive for low voltage, bat- 


tery operated systems. The low 
noise figure is appropriate for 
commercial systems demanding 
good sensitivity, such as GPS 


receiver front-ends and MMDS 


television receivers. The output 


| power is sufficient for use as the 
driver stage in many hand-held 


transceivers operating in the 
900 MHz through 2.4 GHz 
bands, including in cellular 
phones, PCN, and ISM band 
spread spectrum applications. 


This GaAs FET device has a 
nominal 0.3 micron gate length 
using airbridge interconnects 
between drain fingers. Total 
gate periphery is 750 microns. 
Proven gold based metallization 
systems and nitride passivation 
assure a rugged, reliable device. 





ATF-21186 Absolute Maximum Ratings mE 
Absolute Maximum!!! | _ 
Drain-Source Voltage | Б 
Gate-Source Voltage -4 
Drain Current I pss 
Power Dissipation!) 400 


Channel Temperature 150 
Storage Temperature -65 to +150 









Notes: 

1. Operation of this device above any one of these parameters may cause permanent damage. 

2. Tease = 25°C (Tease is defined to be the temperature at the ends of pins 2 and 4 where they 
contact the circuit board). 

3. Derate at 4.4 mW/C for Tc > 60°C. 


ATF-21186 Electrical Specifications, T, = 25°C 


Symbol Parameters and Test Conditions | | Units 


| Optimum Noise Figure | 
Vps = 2 V, Ips = 15 mA f= 2 GHz 
| f= 4 GHz 








Associated Gain 
| Ур = 2 У, Ips = 15 mA 











Power at 1 dB Gain Compression 
Vps = 3 V, Ips = 70 mA f = 2 GHz 
| f= 4 GHz 


1dB Compressed Gain f= 1 GHz 
Vos = 3 V, Ips = 70 mA f= 2 GHz 
- f= 4 GHz 


Vps = 3 V, Veg 20V 


















wes tss 
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Typical Performance, for the АТЕ-21186, T, = = 25°C 


Tm | TES 
А таш шп! 


Ны 
. — me - 








Mr m НЫ 20 














МРо (dB) 


P1 ав (dBm) 
- 
| d 
А 
=. 
=" 
ШЕШ ЕЕ 
ЕЕЕ БЕ 
G1 вв (dB) 





[TT 





0.1 ` 10 | | 
к _ FREQUENCY (GĦ) — ` n I ps(mA) 2 | _ FREQUENCY (GHz) | 
Figure 1. ATF-21186 Optimum Noise Figure 2. ATF-21186 Optimum Noise rx 3. ATF-21186 Power Output 
Figure and Associated Gain vs. Figure and Associated Gain vs. Ing, at 1 dB Compression and 1 dB 
Frequency and Ips - Vps = 2 V. f = 2 GHz, Vps = 2 V. v Gain vs. quen. 
30 









GAIN (dB) 
GAIN (dB) 


N 
\ 


ы. 
> 40 





| 0 
. 01 1 10 | . 01 1 к’. r^ 
FREQUENCY (GHz) ! FREQUENCY (GHz) . FREQUENCY (сна) 


Figure 4. ATF-21186 Insertion Power Figure 5. ATF-21186 Insertion Power Figure 6. ATF-21186 Insertion Power 
Gain, Maximum Available Gain, and Gain, Maximum Available Gain, and. Gain, Maximum Available Gain, and 
Maximum Stable Gain vs. Maximum Stable Gain vs. Maximum Stable Gain vs. 
Frequency. Vps = 2 V, Ips = 10 mA. Frequency. Vps = 2 V, Ips = 20 mA. Frequency. Vpg = 3 V, Ipg = 70 mA. 


ATF-21186 Typical Scattering Parameters, 
Common Source, Zo = 50 О ‚ Vos E 2 V, Ipg = 10 mA 
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ATF-21186 Typical Scattering Parameters, 
Common Source, Zo = 50 Q, Vps = 2 V, Ips= 15 mA 


Fre quency 
MHz 









ATF-21186 Typical Scattering Parameters, 
Common Source, Zo = 50 Q, Vps = 2 V, Ips = 20 mA 





ATF-21186 Typical Scattering Parameters, 
Common Source, Zo = 50 Q, Vps = ЗУ, Ips = 70 mA , 


Lou 
“ing 
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ATF-21186 Typical Noise Parameters, 
Common Source, Zo = 50 ©, Урз = 2 V, Ips = 10 mA 





ATF-21186 Typical Noise Parameters, 
Common Source, Zo = 50 Q, Ур = 2 У, Ips = 15 mA 





ATF-21186 Typical Noise Parameters, 
Common Source, Zo = 50 О, Урв = 2 V, Ips = 20 mA 
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ATF-21186 Linear Equivalent Circuit 
Vps = 2 V, Ips = 15 mA 





Die: 

gm = 62 mS R s= 1.38 О 

С gs = 0.642 pF Rgz0.98 Q 

C ds = 0.271 pF Rdz 0.62 Q 

С gd = 0.181 pF Tauz1.16 
В gs = 3.900 L g = 0.60 nH 
В 43 = 1100 Ls = 0.20 nH 


Ldz0.68nH 


Package Dimensions 


0.51 (0.020) ы = 


Vcc AND 


и RF OUTPUT 





3 | —1 
1.52 (0.060) too 


Minen 5.08 (0.200 vesci 
0.66 (0.026) ( 0.15 (0.006) 


TYPICAL DIMENSIONS ARE IN MM (IN) 


85 mil Plastic Package 


Package: 


C in-out 


G Lin Rin Rout Lout .D 
о--- FET |) 


Сіп-да — Со-да 


Гай 


R in = R out = R gd = 0.03 О 
Lin = 0.13 nH. 
Lout=0.23nH ` | 
Lgd-0.00nH ^. | 
C in-gd = С o-gd = 0.169 pF 


C in-out = 0.022 pF 


Part Number Ordering Information 


| Devices 
| perReel | ReelSize 


н 
strip 






Part Number 


ATF-21186-TR1 
ATF-21186-TR2 
ATF-21186- STR 















Form more айнадан: see "Tape кай Вее] Packaging | 


for Semiconductor Devices" » page 14-14. 
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QD HEWLETT ATF-25100 (AT-8251) = 
В (J PACKARD | | | 0.5-10 GHz Low Noise ` | 


Gallium Arsenide FET ` 











Features _ ЭЖ | Chip Outline 

e Low Noise Figure: 0.8 dB typical at 4 GHz | | | 96 ит 

e High Associated Gain: 14.0 dB typical at 4 GHz P 3.78 mil 

е High Output Power: 21.0 dBm typical P1 ав A ЕТТЕН |. 
БЕГІС, — BEEN | 













163 ит — 





. 6.42 mil. 


32 um | 
s О 





Description 


The ATF-25100 is a high performance gallium arsenide 
Schottky-barrier-gate field effect transistor chip. Its noise 
figure makes this device appropriate for use in low noise 
amplifiers operating in the 0.5-10 GHz frequency range. 


218 ит 
8.58 mil 
.- 304846 — . ._.. 
12 mil ` m | 








This GaAs FET device has a nominal 0.3 micron gate length 
using airbridge interconnects between drain fingers. Total 
gate periphery is 500 microns. Proven gold based 
metallization systems and nitride passivation assure a 
rugged, reliable device. — _ "E 


The recommended mounting procedure is to die attach at a 
stage temperature of 300, C using a gold-tin preform under 
forming gas. Assembly can be performed with either wedge 
or ball bonding using 0.7 mil gold wire. See also "Chip Use" in 
the APPLICATIONS section. Е 


Noise Parameters: Vos = 3 V, Ins = 20 mA 












Electrical Specifications, Ta = 25°С 


|^ Symbol ` | - Parameters and Test Conditions". 


_ Optimum Noise Figure: Vps = 3 V, IDS = 20 mA 













Output Power @ 1 dB Gain Compression: 
VDS = 5 V, 10$ = 50 mA 


| - Gain @ NFo: VDS = 3 V, IDS = 20 mA 
PidB 
G1 dB 1dB Compressed Gain: Vps = 5 V, 10$ = 50 mA 
| gm |  Transconductance: Vos = 3 V, Vas = 0 V 
| Ipss Saturated Drain Current: Vps = 3 V, Vas = 0 V 
Pinchoff Voltage: VDS = 3 V, IDS = 1 mA | 


Note: 1. RF Performance is determined by assembling and testing 10 samples per wafer. 
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ATF-25100, 0.5-10 GHz 
Low Noise Gallium Arsenide FET 


Absolute Maximum Ratings 


Absolute 
see s= ЕЕ. 


Drain-Source Voltage | 0 o7 V 


Part Number Ordering Information 












Part Number | | Devices Per Tray 
















Gate-Source Voltage -4V ATF-25100-GP1 5 

Drain Current IDSS ATF-25100-GP3 50 
Power Dissipation? 450 mW ATF-25100-GP6 | upto300 | 
Channel Temperature 175°С 

Storage Temperature —65°С to +175°С 


Notes: | Typical Performance, Ta = 25°С 


1. Operation of this device above any one of these parameters (unless otherwise noted) 
may cause permanent damage. 


. Mounting Surface Temperature = 25°С. 


. Derate at 5 mW/°C for TMOUNTING SURFACE » 85?C. 


. The small spot size of this technique results in a higher, though 
more accurate determination of Qi, than do alternate methods. 
See MEASUREMENTS section for more information. 


> о N 


. OPTIMUM NOISE FIGURE АМО OPTIMUM NOISE FIGURE AND 


ASSOCIATED GAIN vs. FREQUENCY К. ASSOCIATED GAIN vs. Ips 
Vos = 3 V, ips = 20 mA | Vos = 3 V, f = 4.0 GHz 


NFo, dB 
СА, dB 





INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Vos = 3 V, ips = 20 mA Vos = 5 V, 10$ = 50 mA 





0 | 
0.5 1.0 2.0 4.0 6.0 8.0 12.0 ` 0.5 1.0 2.0 4.0 6.0 8.0 12.0 
Frequency, GHz | Frequency, GHz 
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ATF-25100, 0.5-10 GHz 
Low Noise Gallium Arsenide FET 


Typical Scattering Parameters: Common Source, Zo = 50 © ТА = 25°C, Vos = 3 V, los = 20 mA 





70 70 —134 7.7 2.43 77 -1657  .146 _ 95 03 -167 


8.0 .66 -151 6.8 2.20 67 —16.3 153 32 07 155 
9.0 66 -163 6.4 2.09 57 -15.9 160 25 22214302 138 
10.0 67 -176 5.7 1.93 46 -15.8 163 23 17 135 
11.0 68 _ 171 5.2 1.81 37 -15.5 . 167 18 23 132 
12.0 68 162 4.5 1.68 24 —15.4 .170 9 .24 130 


ТА = 25°C, Vos = 5 V, lps = 50 mA 
0.5 .98 —14 14.6 5.40 173 —39.2 .011 88 .69 -1 


1.0 .98 -25 22 14.5 5.32 163 -34.0 020 82 67 -5 
2.0 93 ^ -47 14.3 5.16 144 —28.4 038 71 60 -12 
3.0 89 -70 13.7 4.82 127 -25.0 056 65 53 -17 
4.0 82 -94 13.0 4.48 110 -234 .068 52 46 -20 
5.0 75 -117 11.8 3.88 97 -22.5 .075 50 40 —24 
6.0 71 —137 10.9 3.51 83 -21.9 080 46 31 -29 
7.0 70 -159 9.7 3.07 71 -21.6 083 42 22 -35 
8.0 71 -169 |. 87 2.73 63 -21.3 .086 41 46 _ -42 
9.0 72 180 8.1 2.53 54 —20.9 .090 _ 40 _ 12—46 
10.0 73 172 7.3 2.31 44 -20.6 1093 39 09 | -5 
11.0 74 162 | 6.6 2.13 35 -20.2 .098 36 2452-11 


A model for this device is available іп the DEVICE MODELS section. | HE 
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Ú; HEWLETT ATF-25170 (AT-8250) 

| PACKARD | 0.5-10 GHz Low Noise 

ve | | Gallium Arsenide FET 
Features | 70 mil Package 


e Low Noise Figure: 0.8 dB typical at 4 GHz 


e High Associated Gain: 14.0 dB typical 
| at 4 GHz 


° High Output Power: 21.0 dBm typical P: ав 
at4GHz ` 
° Hermetic Gold-Ceramic Microstrip Package 





Notes: 
(unless otherwise specified) 
: . in 
1. Dimensions are mm 
2. Tolerances Q7 
in .xxx = + .005 


№ 


SOURCE | mm .xx = + .13 

"nw | | 004 + .002 | 
Description 10 + .05 279 
The АТҒ-25170 is a high performance gallium arsenide " — 1 
Schottky-barrier-gate field effect transistor housed in a ——— а i 
hermetic, high reliability package. Its noise figure makes this 1 | | 
device appropriate for use in low noise amplifiers operating .495 +.030 035 
іп the 0.5-10 GHz frequency range. 12.57 + .76 89 


This GaAs FET device has a nominal 0.3 micron gate length 
using airbridge interconnects between drain fingers. Total 
gate periphery is 500 microns. Proven gold based 
metallization systems and nitride passivation assure a Noise Parameters: Vps = 3 V, Ibs = 20 mA 
rugged, reliable device. 





Electrical Specifications, TA = 25°С 


| Symbol | _ Parameters and Test Conditions Units | Min | Typ | Max - 
| dB | 
dB 
dB 
dB 
dB 
dB 










Optimum Noise Figure: Vps = 3 V, 10$ = 20 mA 


Gain (д NFo: Vps = ЗУ, Ips = 20 mA 





Output Power @ 1 dB Gain Compression: 
Vps = 5 V, Ips = 50 mA 


1dB Compressed Gain: Vps = 5 V, 10$ = 50 mA f = 4.0 GHz 


| gm |  Transconductance: Vos = 3 V, Vas = 0 V | 
| Ipss | Saturated Drain Current: Vps = 3 V, Vas = 0 V 
Pinchoff Voltage: Vps = 3 V, Ips = 1 mA —3.0 | -20 
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ATF-25170, 0.5-10 GHz 
Low Noise Gallium Arsenide FET 


Absolute Maximum Ratings | 


Absolute 
раан | этан | Брна 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 

























Drain-Source Voltage VDS +7 V 
Gate-Source Voltage Ves —V Бо | 

À INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
Drain Current | IDSS AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Power Dissipation?? 450 mW Vos = 3 V, Ips = 20 mA 
Channel Temperature 175°С 
Storage Temperature —65?C to +175°С 


Gain, dB 


Notes: 


1. Operation of this device above any one of these parameters 
may cause permanent damage. 


2. Mounting Surface Temperature = 25°С. 
3. Derate at 3.3 mW/°C for TMOUNTING SURFACE > 40°C. 


4. The small spot size of this technique results in a higher, though 
_ more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section for more information. 





Frequency, GHz 


OPTIMUM NOISE FIGURE AND 
ASSOCIATED GAIN vs. 105 


Vps = 3 V, f = 4.0 GHz 


OPTIMUM NOISE FIGURE AND 
ASSOCIATED GAIN vs. FREQUENCY 


Vps = 3 V, Ips = 20 mA 


NFo, dB 





2.0 4.0 6.0 8.0 
Frequency, GHz 


10.0 12.0 








Typical Scattering Parameters: Common Source, Zo = 50 О ТА = 25°C, Vos = 3 V, Ips = 20 mA 





Freq. S4 S21 912 0 58» 
GHz Mag Ang |. dB Mag Ang ав. Mag Ang Мад Ang 
0.5 98 -23 | 13.6 4.80 160 -32.8 023 76 50 -23 
1.0 96 -38 13.0 4.46 147 -23.6 037 67 _` .48 —30 
2.0 ‚88 —66 11.5 3.75 121 —23.6 .066 50 44 —45 
3.0 80 —86 10.2 3.23 102 —21.8 .081 41 41. —55 
4.0 77 —106 9.3 . 2.93 82 —19.7 .103 28 .38 —65 
5.0 71 —127 8.5 2.66 . 62 —18.6 .118 17 239 —78 
6.0 65 —149 7.9 | 2.47 42 —17.7 .130 6 .30 —93 
7.0 .60 -173 7.3 2.33 24 —16.5 „149. —4 .26 —111 
8.0 56 _ 161 6.8 22.20 5 —15.8 .162 —16 .22 —134 
9.0 . .56 136 6.2 2.05 —14 —15.1 .175 —26 .21 —166 
100 55 118 5,4 1.8/ —31 —15.0 .178 —35 .21 173 
110 — 53 108 — 4.9 1.76 -46 —14.9 .180 -42 22 164 
12.0 53 95 4.7 1.71 —62 —14.8 .183 —52 .23 159 


A model for this device is available in the DEVICE MODELS section. 
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HEWLETT. | АТЕ-25570 (AT-12570-5) 





Ú; 








PACKARD | _ 0.5-10 GHz General Purpose . 
| Gallium Arsenide FET . . 
Features 2272 mE 70 mil Package 
° High Output Power: 20.5 dBm typical P; ав 


at 4 GHz =) 
е High Associated Gain: 14.0 dB typical at 4 GHz 
e Low Noise Figure: 1.0 dB typical at 4 GHz 
° Hermetic Gold-Ceramic Microstrip Package 


Description 





The ATF-25570 is a high performance gallium arsenide os ? | 
Schottky-barrier-gate field effect transistor housed т a | | 22 
SOURCE 


Notes: | 
. (unless otherwise specified) 


1. Dimensions are mm 


hermetic, high reliability package. This device is designed 
for use in general purpose amplifier and oscillator 
applications in the 0.5-10 GHz frequency range. 


This GaAs FET device has a nominal 0.3 micron gate length 


^. 2. Tolerances 
іп .xxx = *.005 


using airbridge interconnects between drain fingers. Total 

gate periphery is 500 microns. Proven gold based .004 + .002 070 

metallization systems and nitride passivation assure a 10 + .05 1.70 

rugged, reliable device. Y 


AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Vps = 3 V, Ips = 20 mA, Ta = 25°C 


| . :495 + .030 EM :035 
INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 12.57 + .76 E ж — 


Gain, dB 





0.5 1.0 2.0 4.0 6.0 8.0 12.0 
Frequency, GHz 


Electrical Specifications, TA = 25°С 


| Symbol | Parameters and Test Conditions | | Units | Min. 00 Typ. 


NFo Optimum Noise Figure: Vps = 3 V, Ips = 20 mA 









Gain @ NFo: Vps = 3 V, Ips = 20 mA 










Vir dm Power @ 1 dB Gain Compression: f 2 4.0 GHz 


DS = 5 V, Ips = 50 mA | 
1dB Compressed Gain: Vps = 5 V, Ips = 50 mA f = 4.0 GHz | 
| gm | . Transconductance: Vps = 3 V, VGs = 0 V 
- V 








| : Vos = 
Pinchoff Voltage: Vos = 3 V, Ips = 1 mA [У | -30 | -20 | -08 — 
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ATF-25570, 0.5-10 GHz 
General Purpose Gallium Arsenide FET 


Absolute Maximum Ratings 


| Absolute 
mee [me 22 


Drain-Source Voltage +7 V 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 






















. Gate-Source Voltage —4 V | | | | 
Drain Current IDSS INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
о ss D AB AIN vs. FREQUENCY 
‚3 
Power Dissipation? 450 mW Vos = 5 V, Ips = 50 mA, Ta = 25°C 
Channel Temperature 175?C 
Storage Temperature —65?C to +175°С 


Gain, dB 


1. Operation of this device above any one of these parameters 
may cause permanent damage. | 

2. Case Temperature = 25?C. | 

3. Derateat 3. 3 mW/*C for TcASE » 40?C. 0.5 1.0 20 4.0 


4. The small spot size of this technique results in a higher, though 
more accurate determination of 9; jc than do alternate methods. 
See MEASUREMENTS section fór more information. 





Frequency, GHz 


Typical Scattering Parameters: Common Source, Zo = 50 О 





_ TA = 25°С, Vos = 3 V, Ips = 20 mA 


0.5 .98 —24 14.0 5.02 160 -28.9 036 71 -24 
1.0 96 -41 13.4 4.70 145 -26.2 0494 | 62 55 -33 
2.0 .84 —76 12.3 4.14 115 —22.5 (0075 . 44 .49 —51 
3.0 78 —100 10.8 3.48 94 —20.9 090 33 46 —60 
4.0 72 —123 9.6 3.01 73 —19.8 102 20 42 _ —76 
5.0 .68 —142 8.5 2.67 54 —18.8 1114 9 538 -88 
6.0 63 —162 7.8 2.45 36 —18.3 .121 0 .35 -101 
7.0 .60 175 7.2 2.30 18 —17.5 .133 -7 .30 —118 
8.0 58 150 6.3 2.06 -1 -17.0 141 —16 .26 —138 
9.0 .59 128 5.6 1.90 —19 —16.7 .146 —28 .25 —167 
10.0 .60 113 4.7 1.72 -36 -16.4 151 -35 26 172 
11.0 .60 104 4.1 1.61 —48 -16.1 ,157 -40 28 155 
12.0 59 91 3.9 1.56 -68 -15.9 160 -44 30 146 


ТА = 25°C, Vos = 5 V, Ips = 50 mA 


0.5 .97 16.2 6.49 156 -32.0 025 63 59 -21 
1.0 94 -45 15.5 5.95 141 -29.9 032 57 .60 -28 
2.0 81 -82 13.5 4.72 111 -26.2 049 45 58 -39 
3.0 73 —105 11.7 3.86 91 -24.9 057 41 55 -50 
4.0 .66 —128 10.3 3.29 70 —23.4 .068 37 52 —62 
5.0 .61 —148 9.2 2.88 52 -22.5 075 32 49 -72 
6.0 57 -170 8.5 2.65 34 -21.6 083 30 48 -84 
7.0 .56 167 7.6 _ 2.41 16 -20.2 097 28 45 -98 
8.0 57 145 6.8 . 2.19 -1 —19.2 .110 18 42 -115 
9.0 59 127 6.0 2.00 -18 -18.5 119 12 40 -136 
10.0 60 115 52 1.82 ^ -35 -17.8 | ..129 4 .40 —159 
11.0 .60 108 4.7 1.72 -47 -17.5 .134 1 42 -176 
12.0 57. 93 4.5 1.67 —64 —16.9 143 -10 44 173 


A model for this device is available in the DEVICE MODELS section. 
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ра HEWLETT.  — ME ATF-25735 (AT-12535) 








PACKARD ts | ... 0.5-10 GHz General Purpose 
ы a ie Gallium Arsenide FET | 
Features Lu Poe AUT | | | 35 micro-X Package 
° High Output Power: 19.0 dBm typical Р. ap | НЕ 
at4 GHz ` | 

e High Gain: 12.5 dB typical Gi ap at 4 GHz 083 DIA. 
e Low Noise Figure: 1.2 dB typical at 4 GHz йы» 
° Cost Effective Ceramic Microstrip Package ері | 


The ATF-25735 is a high performance gallium arsenide 
Schottky-barrier-gate field effect transistor housed in a cost 
effective microstrip package. This device is designed for use 
in general purpose amplifier and oscillator applications in the 
0.5-10 GHz frequency range. 


This GaAs FET device has a nominal 0.3 micron gate length 


using airbridge interconnects between drain fingers. Total | | 
gate periphery is 500 microns. Proven gold based ! 
metallization systems and nitride passivation assure а ко 


rugged, reliable device. a 
022 MAN .455 i030 — 4l 
„56 11.54 = .76 


M otherwise specified) 
1. Dimensions are 2 


mm 
2. Tolerances 
in .xxx = *.005 
mm .хх = +.13 


INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
`АМО MAXIMUM STABLE GAIN vs. FREQUENCY 


Vps = 3 V, Ips = 20 mA, TA = 25°С 





| 0.5 ° 1.0 2.0 40° 60 80 120 
Frequency, GHz | 


Electrical Specifications, Ta = 25°C ` 


| Optimum | Noise Figure: Vos = 3 v, Ips = 20 mA f = 2.0 GHz 
f = 4.0 GHz 
f = 6.0 GHz 


Gain Q NFo: Vps = 3 V, 10$ = 20 mA 








Output Power @ 1 dB Gain Compression: 
. Vps = 5 V, Ips = 50 mA 


.. 198 Compressed Gain: Vps = 5 V, Ips = 50 mA 













f = 4.0 GHz 






Transconductance: Vps = 3 V, Vas = 0 V 
Saturated Drain Current: Vps = 3 V, Vas = 0 V 





D 





7 Pinchoff Voltage: Vps = 3 V,lps=1mA ` 
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ATF-25735, 0.5-10 GHz 
General Purpose Gallium Arsenide FET 


Absolute Maximum Ratings 


Absolute 
ee [me | ERES 


Drain-Source Voltage +7 V 


Typical Performance, TA = 25°С 


(unless otherwise noted) 























Gate-Source Voltage ` —4 V 

INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
Drain күте | IDSS AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Power Dissipation?3 450 mW Vos = 5 V, Ips = 50 mA 
Channel Temperature 175°С г 
Storage Тетрегаиге“ —65°С to +175°С 


_1. . Operation of this device above апу one of these parameters 
_ may cause permanent damage. 


2. Case Temperature = 25°С. 
3. Derate at 3 mW/°C for TCASE > 29°C. 0.5 1.0 2.0 40 60 80 120 


Storage above +150°C may tarnish the leads of this package Frequency, GHz 
difficult to solder into a circuit. After a device has been soldered 
into a circuit, it may be safety stored up to 175?C. 


5, The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section for more information. 





> 


Typical Scattering Parameters: Common Source, Zo = 50 Q Ta = 25°C, Vos = 3 V, Ips = 20 mA 











Freq. 511 S21 512. S 22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.5 98 —22 13.9 4.95 159 —32.0 025 77 52 —12 
1.0 94 —45 13.3 4.61 142 —27.1 044 64 52 —20 
2.0 85 —82 12.2 4.06 110 —21.6 083 45 46 —41 
3.0 70 —116 11.0 3.54 81 —19.3 109 24 38 —61 
4.0 _.58 —152 10.0 3.17 54 —17.7 .131 12 .35 —81 
5.0 .90 165 8.9 2.78 27 —16.7 .146 —/ .29 -9/ 
6.0 152 122 7.7 2.43 1 —16.1 .156 —20 .18 -112 
7.0 .99 90 ` 6.3 2.06 —23 —15.8 .162 —34 .07 —161 
8.0 .65 66 5.1 1.79 —43 —15.5 .167 —46 .09 107 
9.0 .69 44 3.8 1.55 —63 —15.3 .172 —53 .15 76 
10.0 13 32 2./ 1.36 —82 —15.4 .170 —65 .18 53 
11.0 .79 20 1.1 1.14 —100 —15.5 .168 —78 .21 24 
12.0 ‚84 7 —0.2 „98 —119 —15.7 .161 ` —93 .26 -5 
| ТА = 25°C, Vos = 5 V, Ips = 50 mA 
0.5 .93 —21 16.0 6.29 156 —34.0 2020 69 .56 —10 
1.0 ‚88 —42 15.4 -5.89 140 —29.6 .033 62 .53 —21 
2.0 .78 —81 14.1 5.08 108 —24.4 .060 49 47 —43 
3.0 .65 —112 12.6 4.27 83 —22.6 .074 39 44 —55 
4.0 „55 —142 11.4 3.73 58 —21.0 .089 28 .41 —64 
5.0 _.48 -176. 10.6 3.3/ 36 -19.7 104 20 .37 —69 
6.0 47 142 _ 9.7 3.04 10 —18.3 122 6 .28 -83 
7.0 .96 104 8.4 2.64 —14 —17.5 .134 -6 .14 —105 
8.0 .65 80 7.0: 2.25 — —35 —16.7 .146 —17 .07 172 
9.0 13 61 5.8 1.94 —53 —16.1 .157 —26 2414: 113 
10.0 .78 47 4.7 1.71 —72 ‚ —15.4 _ 169 -40 20 94 
11.0 ‚80 34 . 3.6 1.51 —90 -15.1 .176 —53 ‚27 68 
12.0 ‚85 18 2.7 1.36 —109 —14.8 .181 —64 436 45 


А model for this device is available in the DEVICE MODELS section. 
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[©] eT 


ATF-26100 (AT-10600) 


2-18 GHz General Purpose  . 


Gallium Arsenide FET... 





Features 


e Low Noise Figure: 1.8 dB typical at 12 GHz 
е High Associated Gain: 9.0 dB typical at 12 GHz 


e High Output Power: 18.0 dBm typical Р ав 
| at 12 GHz 


Description 


The ATF-26100 is a high performance gallium arsenide 
Schottky-barrier-gate field effect transistor chip. This device 
is designed for use in low noise, wideband amplifier and 
oscillator applications in the 2-18 GHz frequency range. 


This GaAs FET chip has a nominal 0.3 micron gate length 
with a total gate periphery of 250 microns. Proven gold 
based metallization systems and nitride passivation assure 
a rugged, reliable device. 


The recommended mounting. procedure is to die attach at a 
stage temperature of 300 C using а gold-tin preform under 
forming gas. Assembly cdh be performed with either wedge 
or ball bonding using 0.7 mil gold wire. See also "Chip Use" in 
the APPLICATIONS section. | 


Electrical Specifications ТА = 25°С 


ПЕ ТЕТ [m [m [me 


Optimum Noise Figure: Vps = 3 V, IDS = = 10 mA 


Gain © NFo: Vps = З V, Ips = 10 mA 





m Power @ 1 dB Gain Compression: 
VDS = 5 V, Ips = 30 mA 


| РІ ав 
G1 dB | 


. Saturated Drain Current: ы” 3 V, Мс$ = 0 У 


| 


Pinchoff Voltage: Vps = 3 V, Ips = 1 mA 





1dB ca nnn Gain: Vps = 5 V, Ips = 30 mA 





Chip Outline 





| 197 mil 














4. 65 mil 


ТЕГЕ 


50pm 
1.97 aa 


Noise Parameters: Vos = З V, Ips = : 10 mA 


Gamma Opt 
Mag 













Note: 1. RF performance is determined by assembling and testing 10 samples per wafer. ` 


ATF-26100, 2-18 GHz 
. General Purpose Gallium Arsenide FET 


Absolute Maximum Ratings 


| | Absolute 














Parameter Part Number Ordering Information | 

































Drain-Source Voltage | жаа 
. Gate-Source Voltage -4 V ATF-26100-GP1 | 5 
Drain Current IDSs ATF-26100-GP3 50 
Power Dissipation? 275 mW ATF-26100-GP6 up to 300 
Channel Temperature 175°С ! B | 
-65°C to +175°C | | 


. Storage Temperature 


Notes: - | Typical Performance, Ta = 25°C 

1. Operation of this device above any one of these parameters = (unless otherwise noted) | 
-тау cause permanent damage. | 

2. Mounting Surface Temperature = 25°С. 

3. Derate at 4.4 mW/°C for TMOUNTING SURFACE > 113°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section for more information. 


OPTIMUM NOISE FIGURE AND 


OPTIMUM NOISE FIGURE AND 
ASSOCIATED GAIN vs. FREQUENCY ASSOCIATED GAIN vs. Ips 


Vps = 3 V, f = 12 GHz 


Vps = 3 V, ips = 10 mA 





60. , 80. 10.0 . . 12.0 14.0 16.0 180 


Frequency, GHz Ips, mA 
INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Vps = 3 V, Ips = 10 mA Vps = 5 V, Ips = 30 mA 





2.0 4.0 6.0 8.0 10.0 14.0 18.0 
Frequency, GHz 


Frequency, GHz 
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_ ATF-26100, 2-18 GHz 
General Purpose Gallium Arsenide FET 











Freq. S4 S21 | A $12. _ S22 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag. Ang 
2.0 .98 -19 6.5- 2.11 161 -29.4 034 - 82 .68 2-4 — 
3.0 96 -28 6.5 2.11 151 -25.8 .051 78 .67 --6 
4.0 93 -37 66 2.15 142 -23.5 .067 74 .64 -9 
5.0 .90 —47 69 2.22 131 -21.5 084 69 61 -13 
6.0 .86 —59 7.1 2.27 120 —19.9 .101 64 57. —17 . 
7.0 .80 -72 7.2 2.29 110 -18.6 4117 59 52 -23 _ 
8.0 74 —83 7.3 2.32 100 -17.7 .130 54 48 —28 
9.0 .68 -97 7.3. 2.33 89 -16.9 143 48. 43. -36 
10.0 61 —114 7.3 2.31 77 -16.1 156 42 .38 —46 
11.0 55 —133 227, 2.27 66 -15.6 166 35 33 -56 
12.0 52 -153 6.8 2.18 54 -15.2 174 28 28 -66 
13.0 49 -174 6.4 2.10 44 —14.9 .180 21 24 —78 
14.0 49 165 6.0 2.00 33 -14.7 184 10 17 -99 
15.0 52 144 5.3 1.84 21 —14.6 .186 6 15 —109 
16.0 54 131 4.6 1.69 12 —14.6 .187 3 .13 —121 
17.0 57 117 4.0 1.58 3 -14.5 .189 в ло —177 
18.0 .58 105 3.2 1.45 —6 -14.4 190 -12 13 145 

TA = 25°C, Vos = 5 V, Ips = 30 mA 

2.0 „98 —22 9.6 3.01 158 -33.2 .022 85 71 -3 
3.0 .93 -34 9.5 2.98 146 -30.8 029 81 .70 -5 
4.0 87 -45 9.6 3.02 136 -28.2 039 78 68 -8 
5.0 81 -59 9.7 3.05 124 -25.8 .051 76 .65 -11 
6.0 74 -72 9,5 2.98 112 -24.7 .058 74 .62 —14 
7.0 .68 —86. 9.1 2.86 101 -23.4 .068 72 . - 60 —18 
8.0 .63 —100 8.9 2.80 91 -22.5 075 70 .57 -22 
9.0 56 —113 8.8 2.76 82 ~21.7 082 69 55 -26 
10.0 51 —130 8.4 | 2.62 72 ~20.6 .096 68 .53 -30 
11.0 46 -143 8.0 2,52 62 -20.0 100 66 51 -40 
12.0 42 -156 78 2.45 54 -196 7,105 64 47 2-49 
13.0 A1 —168 7.5 2.37 46 -18.9 114 _60 46 -54 
14.0 40 164 72 2.29 38 -17.8 129 56 ` .44 —60 
15.0 .41 145 . 6.6 _ 2.15 29 -16.9 143 . 52. 42 2-65 
16.0 44 132 6.2 2.04 21 -15.5 167 45 40 2-72 
17.0 47 120 5.9 1.97 11 -14.7 185 40 .35 _ —80 
18.0 51 104 5,2 1.83 2 -14.6 187 34 30 _ -93 


A model for this device is available in the DEVICE MODELS se 





ction. 
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ATF-26150 (AT-10650-1) ` 





О) pekano x _ 2-16 GHz General Purpose - 
ANM Gallium Arsenide FET 
Features | 222 50 mil Package 


e Low Noise Figure: 1.8 dB typical at 12 GHz 

e High Associated Gain: 9.0 dB typical at 12 GHz 

e High Output Power: 18. 0 dBm typical P: dB 
227 atí2GH2 Ż 

ө Hermetic Gold-Ceramic Microstrip Package 








(unless otherwise specified) | 
m U 1. Dimensions are m Lm 
source 12 — “n xx= 4 oos 
mm .xx = +.13 
:003 + .002 
08 + .05 
Description 
The ATF-26150 is a high performance gallium arsenide CS 
Schottky-barrier-gate field effect transistor housed in a p | 
hermetic, high reliability package. Its noise figure makes this sim T z 
device appropriate for use in low noise amplifiers operating 
in the 2-16 GHz frequency range. 
This GaAs FET device has a nominal 0.3 micron gate length 
with a total gate periphery of- 250 microns. Proven gold 
based metallization systems and nitride passivation assure | | | 
a rugged, reliable device. — — Noise Parameters: Vps = 3 V, Ips = 10 mA 


Gamma Opt 
Mag X Anc 





Electrical Specifications, ТА = 25°С 


Parameters and Test Conditions 











NFo Optimum Noise Figure: Vps = З V, 10$ = 10 mA f=8.0 

Oo нм 

СА Gain @ NFo: Vos = З V, IDS = 10 mA f = 8.0 

| Bn 

P1 dB Output Power Q 1 dB Gain omoes f = 12. 

. VDS = 5 У, IDS = 30 mA © | 

1 dB Compressed Gain: Vps = 5 V, IDS = 30 тА _ f = 12.0 GHz dB 

ae oo TAM mmo | z | 4 |  — 
ШИИТИ СНИ БИ s 
| ^ |. РіпсһоН Voltage: VDS = 3 V, IDS = 1 mA "a ANT CS ЖУ ЖИ ВЕТ 
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ATF-26150, 2-16 GHz i 
General Purpose Gallium — FET ` 


Absolute Maximum Ratings ` | | Typical Performance, ТА = 25°С | 


Absolute (unless otherwise noted) 
om 


Drain-Source Voltage | +7 V 

























| Gate-Source Voltage | -4У 
Drain Current IDSS 
РОМС Ират” 275 mW INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN , 
Channel Temperature | 175°С ` ^ AND — — өңкей фик FREQUENCY ` 
Storage Temperature —65°С to +175°С CNN | Мов=3У,08= ЮтПА 0200-02 s 


Notes: | 
1. Operation of this device above any one of these po 
may cause permanent damage. 


2. Case Temperature = 25°С. 


3. Derate at 3 mW/°C for TCASE > 86°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Ө than do alternate methods. 
See —— section fór more information. 





OPTIMUM NOISE FIGURE AND OPTIMUM NOISE FIGURE AND 
ASSOCIATED GAIN vs. FREQUENCY | ASSOCIATED GAIN vs. Ips 


Vos = 3 V, 108 = 10 mA | | | Vos = 3 V, f = 12.0 GHz 


МРо, dB. 








Typical Scattering Parameters: Common Source, Zo =50 0 ТА = 25°С, Vps = 3 V, 10$ = 10 mA 








Freq. | э әр ч = т 521 - $12 522 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
2.0 96 —35 8.7 2.73 153 —28.0 040 73 76 -20 
3.0 93 -50 8.4 2.64 139 —26.2 049 62 72 -29 
4.0 91 -64 8.1 2.54 122 —24.7 058 51 68 —38 
5.0 88 -79 7.7 2.42 105 —23.5 067 40 64 —47 
6.0 85 —94 7.2 2.30 89 —22.4 076 29 60 -56 
7.0 81 -110 7.1 2.27 75 —21.4 085 18 56 -65 
8.0 76 —129 7.0 2.25 60 -20.3 097 7 51 -75 
9.0 73 -147 6.8 2.20 44 -19.4 107 -3 46 -89 
10.0 69 -164 6.5 2.11 27 -19.2 110 -14 44 -105 
11.0 67 —178 5.9 1.98 14 —19.1 111 —20 41 -123 
12.0 64 166 5.7 1.93 -1 -19.0 112 -30 39 -137 
13.0 62 151 5.3 1.85 -15 -18.9 114 -32 37 -152 
14.0 59 135 5.1 1.81 —29 -18.7 116 -46 34 -173 
15.0 56 120 4.5 1.68 -43 _ | 18.6 117 —54 35 160 
160: 54 10 38 155 -58 185 119 4-7 2 4 137 
17.0 . 51 9 31 143 -71 184 120 - — 46. 125 


18.0 _ 48 _ 86 23 13 -85 |. 18.1 _ .125 22-77. . 901. 114 





A model for this device is available in the DEVICE MODELS section. 


ATF-26350 (AT-10650-3) 





HEWLETT 

Ú) PACKARD: ` "P |».  . » 2-16 GHz General Purpose 

| Gallium Arsenide FET 
Features | Е Ye oo ty | 50 mil Package 
e Low Noise Figure: 2.3 dB typical at 12 GHz Ó 0.28 
е High Associated Gain: 8.0 dB typical at 12 GHz | EE nr 
e High Output Power: 18.0 dBm typical Рі ав | x | SOURCE [П 4 

_ at12 GHz | 


е Hermetic Gold-Ceramic Microstrip Package 





(unless otherwise specified) 


1. Dimensions are An 


| тт 
2. Tolerances 
SOURCE 2 іп .xxx = +.005 


mm .xx = +.13 


.08 + .05 | 1050 


2S 


1.27 


.006 


ва 


H- 


Description 


The ATF-26350 is a high performance gallium arsenide = 
Schottky-barrier-gate field effect transistor housed in а 495 5.030 p 
hermetic, high reliability package. Its noise figure makes this 12.57+ .76 

device appropriate for use in low noise amplifiers operating 


in the 2- 16 GHz frequency range. 


This GaAs FET device has a nominal 0.3 micron gate length 

with a total gate periphery of 250 microns. Proven gold : | | с 
based metallization systems and nitride passivation assure Noise Parameters: Vos = 3 V, los = 10 mA | 
a rugged, reliable device. Б | | батта Opt 








Electrical Specifications, Ta = 25°C 





f 

f 

| f 

. Gain @ NFo: Vos = 3 V, IDS = 10 mA f 
u | | f 

f 

f 









Output Power @ 1 dB I Compression: 
VDS = 5 V, IDS = 30m 


1 dB Compressed Gain: VDS = 5 V, IDS = 30 mA 
Transconductance: VDS = 3 V, Vas =0 V 





= 14.0 GHz 





| Saturated Drain Current: VDS = 3 V, Vas = 0 V 
_ Pinchoff Voltage: Vps = 3 V, Ips = 1 mA. 
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ATF-26350, 2-16 GHz 02 
General Purpose Gallium Arsenide FET 


Absolute Maximum Ratings == . E Typical Performance, Ta = 25°C 


Absolute (unless otherwise noted) 


Drain-Source Voltage +7 V 




















т 












Gate-Source Voltage - у _ | к | 

| INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
Drain Current IDSS AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Power Dissipation?? 275 mW Vos = 3 V, Ips = 10 mA 
Channel Temperature 175°С 
Storage Temperature —65?C to +175°С 


Notes: 


1. Operation of this device above any one of these parameters 
may cause permanent damage. | 


2. Case Temperature = 25°С. 
3. Derate at 3 mW/°C for TCASE > 86°C. 2.0 4.0 60 80 100 140 180 


4. The small spot size of this technique results in а higher, though | Frequency, GHz 
_ more accurate determination of 0,- than do alternate methods. 
See MEASUREMENTS section for more information. 





OPTIMUM NOISE FIGURE AND | OPTIMUM NOISE FIGURE AND 
ASSOCIATED GAIN vs. FREQUENCY ASSOCIATED GAIN vs. 103 
Vos = 3 V, 108 = 10 mA | Vos = 3 V, f = 12.0 GHz 











5 
0 | : | | 
6.0 | = 80 | 10.0 12.0 140 160 
Frequency, GHz - | P 

Typical Scattering Parameters: Common Source, Zo = 50 Q ТА = 25°С, Vos = 3 V, Ips = 10 mA 
Freq. S1 521 $12 5 22 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 

2.0 .94 -38 10.2 3.24 145 -27.3 043 59 76 —22 

3.0 88 -56 10.0 3.18 129 -25.4 ‚054 49 EN MN -30 
4.0 86 -73 99 3.12 113 23.9 .064 37 .70 —~41 

5.0 81 -91 97 3.06 97 -22.5 075 27. .66 -51 

6.0 77 -108 _ 9.5 3.00 81 -21.4 085 - 19 63 -62 

7.0 71 -129 93 . 292 65 -20.1 09900 9 .58 -72 

8.0 ‚65 -153 9.0 2.82 48 —19.3 .109 -6 52 -83 

9.0 .63 -176 8.6 2.68 31 -18.9 114 —19 48 -96 
10.0 62 164 | 7.8 245 ` 14 —18.7 116 23 44 -112 
11.0 61 148 7.0 2250 0 -18.8 .115 -29 42 -128 
12.0 61 _ 130 _ 6.5 2.12 -14 | A 189 113 |. -86 A0 -140 
13.0 60 114 6.0 1.99 -28 -19.2 110 4-49 39 . -152 
14.0 .60 98 5.5 _ 1.88 -42 -19.3 .108 — 36 . -171 
15.0 60 |. 85 044 - 171 -5 -19.5 106 -63 36 | 165 
16.0 |. .59 73 3.9 1.57 -69 -19.3 ..108 3 — 40 141 
17.0 59 65 3.2 1.44 -81 |  -192 110 -9 ` 45 _ 131 
180 158 54 | 25 1.33 -95 -—188 115 -85 49 123 





A model for this device is available in the DEVICE MODELS section. 
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ATF-26550 (AT-10650-5) 





D ARRANT | | ^5 |. ' 2-16 GHz General Purpose 
| ‚ке, Gallium Arsenide FET. 
Features BSEC i Е I | | 50 mil Package 


e High Associated Gain: 8.0 dB typical at 12 GHz 


e High Output Power: 18.0 dBm typical Рі ав | 
|...  atií2GHz — 


e Low Noise Figure: 2.5 dB typical at 12 GHz 
e Hermetic Gold-Ceramic Microstrip Package 


Description | 





The ATF-26550 is a high performance gallium arsenide | | 
Schottky-barrier-gate field effect transistor housed ina 0 1 Dunes OU WONG — 
hermetic, high reliability package. Its noise figure makes this _ 1. Dimensions are ү, 
device appropriate for use in the gain stages of low noise SOURCE 

amplifiers operating in the 2-16 GHz frequency range. 


This GaAs FET device has a nominal 0.3 micron gate length 
with a total gate periphery of 250 microns. Proven gold 
based metallization systems and nitride ene assure 
a rugged, reliable device. 


2. Tolerances 
in .xxx = +.005 
mm .xx = +.13 


0 + .006 
de а 


== | .495 +.030 | EE a 
12.57: .76 


E 
1.27 


INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY 


Vps = 3 V, 105 = 10 mA, ТА = 25°C 





2.0 4.0 6.0 8.0 10.0 14.0 18.0 
Frequency, GHz 


Electrical Specifications, TA = 25°С 
Parameters and Test Conditions | 


Optimum Noise Figure: VDS = З V, IDS = 10 mA 





f 

f 

| | i f 

Gain @ NFo: Vps = 3 V, Ips = 10 mA f 
x | f 

f 

f 





` Output Power @ 1 dB Gain Compression: 
_ VDS = 5 V, 10$ = 30 mA 


1 dB all ant желеу Airis xu 10$ = 30 mA 
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_ АТЕ-26550, 2-16 GHz 
General Purpose Gallium €—] FET 


Typical Performance, Ta = 25°С 


(unless otherwise noted) 


Absolute Maximum Ratings 


Absolute 
“ше ше ыш” 


нча Voltage +7 V 






















Gate-Source Voltage’ madii | INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN - 
Drain Current IDSS AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Power Dissipation?? 275 mW eM IRA 

Channel Temperature 175°С | 

Storage Temperature —65?C to +175°C 


Notes: 


1. Operation of this device above any one of these parameters 
may cause permanent damage. 


. Case Temperature = 25°С. 





N 


2.0 4.0 6.0 8.0 10.0 14.0. 180 . 
Frequency, GHz 


G 


. Derate at 3 mW/*C for TCASE > 86°C. 


. The small spot size of this technique results in a higher, though 
more accurate determination of Ө than do alternate methods. 
See MEASUREMENTS section бес more information. 


> 





Typical Scattering Parameters: Common Source, Zo = 50 О ТА = 25°С, Vps = 3 V, 10$ = 10 mA 











Freq. 511 521 S12 S 22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
2.0 95 -36 8.1 2.53 148 -28.0 040 64 75 —18 
3.0 92 —51 7.6 2.41 133 -24.7 ‚058 55 71 -26 
4.0 90 -67 7.2 2.30 118 -22.4 076 43 68 -39 
5.0 87 -82 6.8 2.18 102 -20.5 .094 34 64 -49 
6.0 84 -97 6.3 2.06 87 -19.0 112 | 24 ` 460. -58 
7.0 80 -118 6.4 2.08 70 -18.2 123 7. 55 -71 
8.0 73 -140 6.2 2.04 53 —17.4 .135 -5 47 -85 
9.0 71 -161 5.8 1.95 35 -17.0. 142 -17 43 -103 
10.0 67 -178 5.2 1.81 18 —16.7 .146 -27 42 -120 
11.0 66 167 4.4 1.66 5 -16.8 .144 -39 41 —134 
12.0 64 150 4.0 1.59 -10 -17.1 140 2-49 40 -144 
13.0 63 133 3.6 1.51 -23 -17.4 . .135 -59 38 — -154: 
14.0 63 115 3.0 1.42 -38 -17.5 133 —66 .36 -172 
15.0 62 99 2.5 1.34 -53 -17.7 130 -74 ‚35 158 
16.0 62 89 1.7 1.22 -67 -17.9 128 -88 40. 134 
17.0 63 81 1.0 1.11 -79 -17.9 127 -91 44 123 
18.0 62 70 0.1 1.01 -92 -17.8 129 -94 48 118 
ТА = 25°C, Vos = 5 V, los = 30 mA 
2.0 96 -38 9.0 2.82 144 -32.8 023 69 75 -20 
3.0 92 -52 8.4 2.62 130 -30.2 031 70 75 -28 
4.0 89 -66 7.9 2.48 116 -27.5 042 68 76  . -36 
5.0 85 -82 7.8 2.46 100 -25.4 ‚054 65 76 ^ ` -47 
6.0 78 -102 7.7 2.43 84 -24.0 1063 _ 46 171 -57 
7.0 71 -124 7.5 2,38 66 -23.9 064 _ 30. ‚66 —68 
8.0 68 -144 7.2 2.30 52 -23.6 066 25 63 -78 
9.0 64 -163 7.0 2.23 37 -23.2 ‚069 19 (62 -86 
10.0 62 -178 6.4 2.08 . 21 -23.2 069 12 61 -99 
11.0 60 165 | 5.7 1.93 8 —23.1 .070 5 .61 -112 
12.0 60 2149 — 5.2 1.82 -6 -23.1 070 -3 . 60 -124 
13.0 59 131 4.7 171 —1 —23.1 070. -8 ,60 -138 
14.0 59 122 4.1 1.60 -34 -22.5 075 -15 60 -152 
15.0 .62 105 33. 1.47 -48 -21.9 080 20 59 —162 
16.0 .61 ^. 93 3.0 — 1.42 —60 -21.5 1084 -25 58 175 
70 _ 62. 83 22  j129 -74 -21.1 088 |  -31. .60 161 
18.0 68 | 73 11 ^ 113 -85 .097 165 


A model for this device is available іп the DEVICE MODELS section. ~ 
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HEWLETT ATF-26836 





© 





PACKARD 7 о 2-16 GHz General Purpose - 
` Gallium Arsenide РЕТ | 
Features ` < | ** | | |  . 36 тісго-Х Package' 


° High fmax: 60 GHz typical ` | 

е High Output Power: 18.0 dBm typical " dB 
| .. .. at12 GHz IE 

e High Gain: 9.0 dB typical Gss at 12 GHz 

e Cost Effective Ceramic Microstrip Package 
Tape-and-Reel Packaging Option Available? 







2.11 (0.083) DIA. 






0.508 
(0.020) 


Description . tad SOURCE Í DIMENSIONS ARE IN MILLIMETERS (INCHES) 


. ` 2. TOLERANCES: М ..xxx = + 0.005. 






The ATF-26836 is a high performance gallium arsenide sii pasas dn м mm ка 2013 | 
Schottky-barrier-gate field effect transistor housed in a cost "i 10.010) ге и | | 
effective microstrip package. This device is designed for use | 0.15 + 0.05 

| у i 


in oscillator applications up to 25 GHz and general purpose 
amplifier applications in the 2-16 GHz frequency range. 


This GaAs FET device has a nominal 0.3 micron gate length 
with a total gate periphery of 250 microns. Proven gold (0. e 4.57 + 0.25 
based metallization systems and nitride passivation assure 0:190 £991) 

a rugged, г reliable device. 


INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN. 
AND MAXIMUM STABLE GAIN vs. FREQUENCY 


VDS = 5 V, Ips = 30 mA, TA = 25°C 





_ 20 4.0 60 80 10.0 120 16.0 
| Frequency, GHz | 


Electrical Specifications, ТА = 25°С 


Wax | Maximum Frequency of Oscillation: Vbs = 5 V, IDS = 30 mA а ИГЕН — 
Tuned Small Signal Gain: i f = 12.0 GHz | 

VDS = 5 V, 10$ = 30 mA Е | 

Output Power @ 1 dB Gain Compression: | = 12. 

VDS = 5 V, 10$ = 30 mA 

Optimum Noise Figure: VDS = 3 V, IDS = 10 mA 

Gain @ NFo: Vos = 3 V, IDS = 10 mA 



















f 212.0 GHz 
f = 12.0 GHz 


Notes: 1. Long leaded 35 micro-X ЕХЕ СЕБ upon request. | 
2. Referto PACKAGING section "Tape-and-Reel Packaging for Surface Mount Semiconductors". 
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ATF-26836, 2-16 GHz o 
General Purpose Gallium — FET 


Absolute Maximum Ratings 


Absolute 
m [ep Ez 


Drain-Source Voltage +7 V 


Part Number Ordering Information 


Part Number Devices Per Reel Reel Size 























Gate-Source Voltage - | —4V | ATF-26836-TR1 

Drain Current DE 108$ ATF-26836-TR2 

Total Power Dissipation?? 275 mW ATF-26836-STR 

Channel Temperature 175°C For more information, see "Tape and Reel Packaging 
Storage Temperature‘ —65°С to +175°С қ 


for Semiconductor Devices", page 14-14. 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


Notes: 


1. Operation of this device above any о one of these parameters 
may cause permanent ылы | 


2. Case Temperature - 25?C. 


3. Derate at 2.9 mW/°C for ка > 79°С. й 


4. Storage above +150°С тау tarnish the leads of this package 
difficult to solder into a circuit. After a device has been soldered 
into a circuit, it may be safety stored up to 175°С. 


5. The small spot size of this technique results in a higher, though 
more accurate determination of ө. than do alternate methods. 
See MEASUREMENTS section for more information. 


INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY 


Vos = 3 V, 10$ = 10 mA 





20 | | 40 ` 6.0 8.0 10.0 120 - 160 ` 
Frequency, GHz | | 





Typical Scattering Parameters: Common Emitter, Zo = 50 О ТА = 25°C, Vos x 3 V, Ips = 10 mA 











Freq. SSS 522 
Gre Mag Ang dB Mag Ang dB Mag Ang Mag Ang K 
2.0 94 -38 8.2 2.57 138 -27.1 ,044 60. 74 -26 0.39 
3.0 90 -55 7.8 2.45 120 -24.9 .057 51. 71. -35 0.51 
4.0 184 -72 7.6 2.41 102 -22.9 072 44 71 -44 0.59 
5.0 ‚75 -92 8.0 2.50 82 -20.6 093 30 (66 -53 0.76 
6.0 ‚64 -117 8.1 2.55 61 —19.3 .109 15 60 -64 0.91 
7.0 52 -155 8.3 2.60 37 -18.1 124. 5 51 -78 0.98 
8.0 49 163 7.9 2.47 14 -17.5 433 -12 41 -92 1.05 
9.0 52 126 7.2 2.30 -7 -16.9 143 -21 .30 -106 1.07. 
10.0 56 100 6.4 2.10 -28 -16.8 144 -3 24 -125 . . 1.11 
11.0 .61 78 5.6 1.91 -47 -17.1 140 -41 18 -154 1.16 
12.0 67 58 4.7 1.71 -66 -17.1 139 -49 15 168 1.16 
13.0 69 45 3.9 1.57 -83 -17.3 137 -61 17 134 1.20 
14.0 72 35 3.0 1.42 -98 -17.2 .138 —66 .19 107 1.20 
15.0 72 22 2.5 1.33 -115 -17.2 .138 -77 23 89 1.24 
16.0 72 13 2.0 1.26 —128 -17.4 135 -85 27 71 1.31 
ТА = 25°C, Vos = 5 V, Ips = 30 mA. 
20 © 94 —44 _ 9.0 2.82 130 -30.2 031 65 80 -31 0.28 
3.0 .86 -63 8.5 2.65 110 -28.4 038 56 80 -43 0.49 
4.0 ‚78 -81 8.0 2.51: 89 . -26.9 045 _ 47 79 -52 0.72 
5.0 68- -97 7.9 2.49 _ 71 -25.5 053 41 78 -58 0.89 
6.0 .57 -118 8.1 2.53 51 -24.4 060 39 76 —67 0.98 
70 .43 —151 8.5 2.65 28 -22.4 076 38 73 -80 0.90 
8.0 37 165 8.5 2.66 3 -20.6 093 30 69 -99 0.82 
9.0 40 122 8.0 2.52 -20 -18.0 126 _ 15 .64 -119 0.67 
10.0 47 96 7.7 2.42 -42 -16.4 152 3 66 -140 0.47 
11.0 55 75 7.5 2.37 —66 -15.1 176 -4 .63 -166 0.39 
12.0 .61 53 7.4 2.35 —88 —13.8 .205 —19 64 168 0.30 
13.0 71 33 7.4 2.34 -116 —13.2 .220 -39 71 132 0.11 
14.0 71 10 6.7 2.17 —143 —13.5 212  —b6 78 104 0.06 
15.0 .65 -10 57 1.93 -170 -14.0 . 200 `—72 85 79 0.04 
16.0 58 -30 4.2 1.62 166 -14.9 180 -93 198 -0.23 - 


A model for this device is available in the DEVICE MODELS section. 


ATF-26884 E 
LETT 9 2. | 
Ú) PACKARD: EL P | .  . 2-16 GHz General Purpose ° 





; Gallium Arsenide FET 
Features | | МУТ 84 Plastic Package 


е High fmax: 60 GHz typical 


e High Output Power: 18.0 dBm typical P: d | 
' at 12 GHz - 


e High Gain: 9.0 dB typical Gss at 12 GHz 
e Low Cost Plastic Package 
e Tape-and-Reel Packaging Option Available! 


Description 





The ATF-26884 is a high performance gallium arsenide 
Schottky-barrier-gate field effect transistor housed in a low 










cost effective plastic package. This device is designed for | ^ ов 0.088 
use in oscillator applications ир to 25 GHz and general  . 1525028 |} Р $ 
purpose amplifier applications in the 2-16 GHz frequency .. (0.060 + 0.010), - — —ə— p т 
range. 5.46 + 0.25 

This GaAs FET device has a nominal 0.3 micron gate | бй 625199 


(0.020) 


length with a total gate periphery of 250 microns. Proven Ба MET MME TER INCHES) 


gold based metallization systems and nitride рылу 
assure а rugged, reliable device. 


INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN T INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 


AND MAXIMUM STABLE GAIN vs. FREQUENCY AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Vos = 3 V, ibs = 10 mA, ТА = 25°С : Vos = 5 V, Ips = 30 mA, ТА = 25°C 





2.0 4.0 6.0 8.0 10.0120 160 — | | 020 | 4.0 6.0 8.0 10.0 12.0 . 16.0 
Frequency, GHz Frequency, GHz 


Electrical Specifications, ТА = 25°С 


Parameters and Test Conditions | | Units | Mi. | Typ | Max. 


Maximum Frequency of Oscillation: VDS = 5 V, 10$ = 30 mA 

Tuned Small Signal Gain: Ур5 = 5 V, IDS = 30 mA f = 12.0 GHz 

Output Power @ 1 dB Gain Compression: | f2312.00 GHz 
2 Vos = 5 V, 10$ = 30 mA : 

.. Optimum Noise Figure: Vps = 3 V, Ips = 10 mA .. f= 12.0 GHz 
. Gain @ NFo: Vps = 3 V, 10$ = 10 mA _ {= 12.0 GHz 












Transconductance: VDS = 3 V, VGS = 0 V 

Saturated Drain Current: VDS = 3 V, Vas =0 V 
Pinchoff Voltage: VDS = 3 V, IDS = 1.mA : 
Note: 1. Refer to PACKAGING section "Tape-and-Reel Packaging for Surface Mount Semiconductors”. M 
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ATF-26884, 2-16 GHz 
General Purpose Gallium Arsenide FET 


Absolute Maximum Ratings 


Absolute 
ВЕ 


Drain-Source Voltage | +7 V 


Part Number Ordering Information 


Part Number | Devices Per Reel | 








_ Reel Size 






















x Gate- Source Voltage —4 V ATF-26884-TR1 
Drain Current IDSS ATF-26884-TR2 
Total Power Dissipation?? 275 mW ATF-26884-STR 
Channel Temperature 175°С For more information, see "Tape and Reel Packaging 
Storage Temperature —65°С to +150°С for Semiconductor Devices", page 14-42 | 


Notes: 


1. Operation of this devios above any one of these parameters 
may cause permanent damage. 


Case Temperature = 25?C. 


Derate at 3.3 mW/*C for Tc » 92.5?C. 


The small spot size of this technique results in a higher, though 
more accurate determination of ө. . than do alternate methods. 
See MEASUREMENTS section Bic more information. 


№ 


209 





Typical Scattering Parameters: Common Source, Zo = 500 — ТА = 25°C, Vos = 3 V, 1р5 = 10 mA | 








Freq. ИНИН. sese E M L8: $22 
GHz Mag Ang dB Mag Ang dB Ма Апа _ Mág Ang К 
2.0 96 -36 6.9 2.21 142 -26.6 047 64. 81: ‚ -25 0.22 
3.0 91 —56 7.4 2.35 123 -23.0 071 50 2770 -38 0.33. 
4.0 86 -78 7.6 2.39 103 -20.6 093 36 70 -50 0.44 
5.0 79 -97 7.2 2.30 86 -19.5 106 25 .66 -61 0.57 
6.0 73 -113 6.8 2.20 71 -18.9 114 16 .62 -70 0.70 
7.0 67 -127 6.4 2.10 56 -18.4 120 . 9 61: —78 0.81 
8.0 ‚62 -144 6.4 2.08 41 -17.9 .128 . 1 58 -88 0.88 
9.0 57 —168 6.2 2.03 23 -17.5 134 -8 54 -101 0.94 
10.0 53 168 5.8 1.96 6 -17.3 136 -16 47 -116 1.07 
11.0 52 147 5.2 1.81 -10 -17.2 138 -22 41 -133 1.19 
12.0 49 124 4.9 1.76 -22 -17.1 140 -26 39 -143 1.26 
13.0 52 103 4.6 1.70 -36 -16.7 146 | -31 37 -154 1.21 
14.0 .56 _80. 4.0 1.58 -54 -16.3 .153 -37 35 -171 1.17 
15.0 60 65 3.3 1.46 ‚ -72 -16.3 7.53 —42 135 173 1.16 
16.0 ‚65 52 2.9 1.40 -83 -16.3 45 -48 37 132 1.10 
17.0 68 40 2.3 1.30 -99 -16.0 158 -56 41 101 1.07 
18.0 .69 30 1.3 1.16 -112 -15.9 159 -72 47 87 . 1.03 
ТА = 25°C, Vos = 5 V, Ips = 30 mA 
2.0 94 -41 9.2 2.88 138 -30.8 029 65 184 -23 0.29 
3.0 87 —65 9.5 2.97 118 -27.3 .043 51 80 -34 0.43 
4.0 ‚79 -89 9.3 2.93 97 -25.5 .053 40 .74 -44  . 0.63 
5.0. 71 —109 8.7 2.73 79 -24.9 057 35 71. —53 0.82 
6.0 .64 —126 8.1 2.54 - 64 -24.4 ‚060 33 .69 —60 0.99 
7.0 57 —142 7.5 2.38 50 -240 | .063 — 31 69 —67 1.12. 
8.0 52 —162 7.2 2.30 35 —23.1 070 30 69. -76 1.07 
9.0 48 _ 174 6.9 2.21 18 -21.9 080 28 _ 67. -87 1.05 
10.0 48 149 6.5 2.11 1 -20.4 .095 24 63 -100 0.98 
11.0 48 130 5.9 1.97 -14 -19.7 .104 22 ' 57 -114 1.10 
12.0 49 108 5.6 1.91 -25 -18.1 2125 20 55 -122 0.96 
13.0 53 88 5.2 1.82 -39 —16.2 155 18 54 -132 0.78 
14.0 57 69 4.7 1.71 -55 -15.2 .173 5 52  -146 072 
15.0 62. 56 41 1.60 - -75 -14.8 182 -1 52 -165 0.65 
16.0 70 44 3.7 1.53 | -87 -13.8 205 —16 520 165 0.51 
17.0 75 33 3.0 1.41 —103 —12.9 .226 | —28 54 135 0.45 — 
18.0 74 24 23 1.30 —117 -13.6 210 44 63 114 04 . 


A model for this device is available іп the DEVICE MODELS section. 





(2 HEWLETT ATF-35076, -35176, uo | 
PB PACKARD : 2 8 GHz Low Noise UC 


Pseudomorphic НЕМТ 








Features | 0% 2 7, 2222276 Package ` Ж 


e PHEMT Technology mE EE | Ex ES 
e Low Noise Figure: 0.75 Typical at 12 GHz | | | v SOURCE 






e High Associated Gain: 11 dB Typical at 12 GHz 
e Cost Effective Ceramic Microstrip Package 
e Tape-and-Reel Packaging Option Available! — 


Description | 

The ATF-35076, -35176, and -35376 are noise performance 
differentiated versions of the high performance ATF-35 Pseudo- 
morphic High Electron Mobility Transistor (PHEMT), housedin | 
the Style 76 cost effective, ceramic microstrip package. The . . ! m E 
ATF-35076 offers premium noise figure and is an ideal choice | s "EM E 

for use in the first stage of extremely low noise cascades. The | | 08 | И a 
slightly higher noise figure of the ATF-35176 makes it appro- 

priate for use in the second stage of premium cascades or as 
the first stage in amplifiers that have less critical noise require- 


ments. The moderate noise performance of the ATF-35376 
makes this part.suitable for second stage use in low noise Typical Noise Par ameters: ane =1 5 V, =~ = 10 mA 


cascades. Although developed for use in Ku band DBS sys- ATF-35076 | АТҒ-35176 | ATF-35376. |.. 
NFO NFO- Fo | ` 
dB | dB . 4B | 


DIMENSIONS ARE IN MILLIMETERS (INCHES) | 






tems, these devices are also appropriate for use in C band 
TVRO LNAs or other low позе amplifiers operating in the 2 to 
18 GHz frequency range. 





These GaAs PHEMT devices have a nominal 0.25 micron gate 
length with a total gate periphery of 200 microns. Proven gold 
based metallization systems and nitride passivation assure 
rugged, reliable devices. 


_ ГОРТ and RN/Zo apply equally to the ATF-35076, ATF-35176, and. 
ATF-35376. 


Electrical Specifications, ТА = 25°С 
Parameters and Test Conditions | NU 
ЕСЕ Noise Figure: — 1.5 V, IDS = 10 mA .fz4.0GHz _ 








- Symb | 
.. Gain @ Те Voss 15V, 10$ =10 тА ` _41=4.0 GHz _ 
. a Е f=12GHz — 
А Optimum Noise Figure: VDS = 1.5 V, 10$ = 10 mA f= 4.0GHz ` 
| |  f=12GHz ` 
SA | Gain @ NFo: Vps = 1.5 V, Ips = 10mA —— | fs40GHz | 
| | | f=12GHz ` 
E Optimum Noise — Vos = 1.5 V, IDS = : 10 mA 2 f24.0 GHz 
a | | | . f=12 GHz 
pm] Gain @ NFo: Vps = 1.5 V,Ips- 10 тА .. - =. f=4.0 GHz 
a ^ £212 GHz 
|. gm | Transconductance: Vps = 1.5 V, Vas = 0 V ü i 
~ 14вв | Saturated Drain Current: VDS = 1.5 V, Уов-0У 


РіпсһоН Voltage: Vos = 1.5 V, Ips = 1 mA 
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ATF-35076, -35176,-35376 =  . 7 
2-18 GHz Low Noise Pseudomorphic HEMT ` 


Part Number Order Information 


Part Number Devices Per Reel 
ATE-35076-TR1 | ^^ 1000 — | >o o 


ATF-35076-TR2 
ATF-35076-STR 
ATF-35176-TR1 ` 
ATF-35176-TR2 ` 
ATF-35176-STR 
ATF-35376-TR1. 
ATF-35376-TR2 
ATF-35376-STR 


Absolute Maximum Ratings 
















Gate-Source Voltage ` . 
Drain Current 
Total Power Dissipation 2,3 







RF input Power 
Channel Temperature 
Storage Temperature 














Notes: 

1. Operation of this device above any one of these limits may cause 
permanent damage. E 

2. Тсазе = 25°С E 

3. Derate at 3.2 mW/ °C for Tc>102°C 

4. The small spot size of this technique results in a higher, though more 
accurate determination of Өјс than alternate methods. 


For more information, see "Tape and Reel Packaging - 
for Semiconductor Devices", page 14-14. | 


Typical Performance,T, = 25°С, (Unless otherwise noted) 


. Insertion Power Gain, Maximum Available | 
Gain and Maximum Stable Gain vs. Frequency 
|» Vpszi15V,lpsz10mA > | 


Noise Figure and Associated Gain 
vs. Frequency (ATF-35076) 
Vps = 1.5 V, Ips = 10 mA 





1.25 25 
1 20 U 
O | а 
29 75 15 8 т 
© < = 
> .5 10 © (5 
.25 5 
0 0 
0 4 8 12 16 20 | 
Frequency, GHz Frequency, GHz ` 


Typical Scattering Parameters: Common Source, 2, = 50 О ТА = 25°C, Vps = 1.5 V, Ips = 10 mA 
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The above S parameter description applies equally to the ATF-35076, -35176, and -35376. 


Freq. 511 Sz 512 200000000 Sa o 
GHz Mag Ang _ dB Mag Ang ав Мад Ang Mag | Ang 
2.0 .98 -31 12.69 ` 410 149 . -29.11 .035 67 49 — -24 
3.0 .95 -43 12.13 4.04 137 -25.85 .051 59 .47 -33 
4.0 .92 -60 12.06 4.01 122 -23.48 .067 | 48 .45 -45 
5.0 .88 -76 11.84 3.91. 106 -21.94 .080 36 .41 -58 
60. ‚83 -92 11.51 3.76 91 20.82 . .091 | 26. . „38 -70 
7.0 .79 -108 11.22 3.64 77 -20.00 . ,100 | | 716 7.35 -83 
8.0 16 -119 10.95 3.53 2-22-67 -19.33 1.1068 10 .32 . -90 
9.0 13 -134 10.66 3.41 | 53 -18.86 .114 .0 | .29 -102 
. 10.0 ‚70 -149 10.32 3.28 — 39 -18.42 .120 -10 27 -114 
: 11.0 .66 -164 . 10.01 ^ 8.17 |. 26 1820 ` .123 |. -20 .24 -127 
120 .63 -179 9.75 _ 3.07 13 -17.86 | .128 = -29 22 -139 
. 13.0 .61 166 9.57 3.01 .09 -17.79 .129 -39 .20. ‚ -150 
14.0 .60 155 9.37 2.94 -83 -17.65 131 -43 16 -158 
15.0 59 140 9.17 2.88 -22 -17.52 .133 -54 .14 -170 
16.0 57 124 8.91 2.79 -35 — -17.46 134 -65 11 178 
17.0 55 108 8.82 2.76 -50 -17.20 .138 - -76 . 07 166 
18.0 54 ` 88 8.77 2.75. -64 -17.02 - .141 -89 .04 131 


ATF-35076, -35176, -35376 
2-18 GHz Low Noise Pseudomorphic HEMT 


ATF-35 Series Pseudomorphic HEMT 


For the ATF-35 Series PHEMTSs, increasing | ds from 10 mA to 
20 mA has the effect of increasing gain at 12 GHz by approxi- : ` 
mately 1 dB without significantly altering noise performance. 


Designers having the flexibility to operate at this higher bias 
current may want to take advantage of this feature. 20 mA S 
parameter data follows. Since device capacitances vary little 
with bias current, the 10 mA noise parameters may also be 
used to describe 20 mA noise performance. | 





Typical Performance,T, = 25°C, (Unless otherwise noted) 


‘Insertion Power Gain and Maximum 
Stable Gain vs. Frequency о 
Vps = 1.5 V, lps = 20 mA 


Noise Figure and Associated Gain 
vs. Frequency (ATF-35076) 
Vos = 1.5 V, Ips = 20 MA 














25 
m 
ч 
= 
E 
0 4 8 12 16 20 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Common Source, Z, = 50 О ТА = 25°C, Vps = 1:5 V, Ips = 20 mA 
Freq. $11 S21 S12 S22 
GHz Mag Ang dB Mag Ang . dB Mag . Ang ` Mag Ang 
2.0 97 -33 13.89 4.95 147 -29.62 .033 68 41 -24 
3.0 .95 -45 13.76 4.88 135 -26.56 .047 60 40. -33 
4.0 .91 -62 13.57 4.77 119 -24.44 .060 50 437 -45 
5.0 486 -79 13.20 0 4.57 103 -22./3 073 38 33 7-57 
6.0 .80 = «95 12.75 4.34 88 -21.72 ` .082 28 430 -69 
7.0 76 ^  -110 12.34 4.14 74 -20.82 .091 19 27 -82 
80 74 -121 12.07 4.01 65 -20.09 © .099 14 .24 -90 
9.0. .71 -135 11.75 . 3.87 51 -19.66 .104 5 .22 -102 
10.0 .67 -150 11.35 3.70 37 -19.17 .110 -5 .20 -113 
110 62 -164 © 10.95 | 3.53 24 -18.86 .114 -14 .17 -123 
12.0 59. -178 10.63 3.40 11 -18.42 120 -23 15 -138 
130.7 57 167 10.47 3.34 -2 -18.20 123 -33 14 -152 
140 56” 156 10.32 3.28 -9 -17.99 126 -37 12 -164 
15.0 54 140 10.10 3.20 -23 -17.92 127 | -47 .10 -173 
16.0 52 ` 125 9.82 _ 3.10 -37 -17.65 131 . -58 06 | -179 
17.0: 49 107 9.70 3.05 -51 -17.39 135 -70 03 165 
18.0 50 88 9.72 3.06 -66 -17.08 140 -82 03 53 


The above S parameter description applies equally to the ATF-35076, -35176, and -35376. 
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778 HEWLETT ATF-35576 
Ú) PACKARD | TET 2-18 GHz Low Noise 
| | zn |». - A Pseudomorphic HEMT 








Features EE | a mE | 76 Package | 


e PHEMT Technology | Еси а 
e High Gain at Moderate Noise Figure: SOURCE 


G z 12 dB Typ, NF z 2.0 dB Max G 12 GHz 
e Cost Effective Ceramic Microstrip Package 
e Tape-and-Reel Packaging Option Available! 


Description 


The ATF-35576 is a high performance Pseudomorphic High 
Electron Mobility Transistor (PHEMT), housed in a cost effec- 
tive ceramic microstrip package. This device is a superior 
choice for use as the third stage of Ku band DBS low noise 
cascades where high gain to mask mixer noise contributions 
is more important than an extremely low noise figure. The 





ATF-35576 is also suitable for general gain applications i inthe | 
2 to 18 GHz frequency range. | s е E 
| 0.53 
For optimum performance in low noise кеш this device ш, n б 
should be matched primarily for gain, with only a small offset 
in tuning for noise figure. Designers having the flexibiltiy to DIMENSIONS ARE IN MILLIMETERS (INCHES) 


operate with an lgs of 20 mA rather than 10 mA will find that at 
12 GHz the higher bias results in approximately 1 dB of 
additional gain with no significant alteration in noise 
performance. 


This GaAs PHEMT device has a nominal 0.25 micron gate _ 
length with a total gate periphery of 200 microns. Proven gold - 
based metallization systems and nitride passivation assure a 
rugged, reliable device. 


Insertion Power Gain, Maximum Available m __ Insertion Power Gain and Maximum 


Gain and Maximum Stable Gain vs. Frequency : Stable Gain vs. Frequency 
Vps = 1.5 V, Ips = 10 mA Vps = 1.5 V, Ips = 20mA 


Gain, dB 
Gain, dB 











Frequency, GHz 


Electrical Specifications, T4 = 25°C 
Parameters and Test Conditions 
Gain € NF: Vps = 1.5 V, IDS = 10 mA 












f = 4.0 GHz 
f = 12 GHz2 
f = 4.0 GHz 
f = 12 GHz2 





Noise Figure: Vps = 1.5 V, IDS = 10 mA 





dB 
dB 
dB 
dB 
Transconductance: Vps = 1.5 V, Vas = 0 V | mS 
Saturated Drain Current: Vps = 1.5 V, Vas = 0 V | mA | 


| Pinchoff Voltage: Vps = 1.5 V, IDS = 1 mA 








Notes: 1. Refer to AB-0008: "Tape-and-Reel Packaging for Surface Mount Semiconductors" 
2. Tested with generator impedance, offset slightly from maximum gain setting to provide improved noise performance. 
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ATF-35576 
2-18 GHz Low Noise Pseudomorphic HEMT 


Part Number Order Information 


Part Number Devices Рег Reel | 


ATF-35576-TR1. 
ATF-35576-TR2 


Absolute Maximum Ratings - 


Absolute 
тте [s= [a 


Drain-Source Voltage ‚ № vi V 
Gate-Source Voltage | 
Drain Current 

Total Power Dissipation 2:3 
RF Input Power 

Channel Temperature 
Storage Temperature 













ATF-35576-STR 


For more information, see "Tape and Reel Packaging | 
for Semiconductor Devices", page 14-14. | 








410 dBm 
150?C | 
-65 to 150?C 









Thermal Resistance 2: 6,2325 °C/W; Тсн=150°С 
Liquid Crystal Measurement: 1m Spot Size 4 


Notes: 

1. Operation of this device њое: апу опе ої these limits к cause 
permanent damage. 

2. Тсазе = 25°C ` 

3. Derate at 3.2 mW/ °C for Tc>102°C | 

4. The small spot size of this technique results in a T though more 


accurate determination of 0jc than alternate methods. 


Typical Scattering Parameters: Common Source, Z, = 50 © 
Freq. 


GHz 





dB 





dB 








2.0 .98 -31 12.69 4.10 149 -29.11 . .035 67 `.49 -24 ` 
3.0 .95 -43 12.13 4.04 137 |. -25.85 ' 051 59 .47 -33 
4.0 .92 -60 12.06 4.01 122 -23.48 Ң .067 48 .45 . "45. 
5.0 88 -76 11.84 3.91. 106 -21.94 080 36 41. 2-58 
6.0 83 -92 11.51 3.76 91 -20.82 091 26 38 -70 
7.0 79 -108 11.22 3.64 77 -20.00 100 16 35 -83 
8.0 76 -119 10.95 3.53 67 -19.33 108 10 32 -90 
9.0 73 -134 10.66 3.41 53 -18.86 114 0 29 -102 
10.0 70 -149 10.32 3.28 39 -18.42 120 -10 27 -114 
11.0 .66 -164 10.01 3.17 26 -18.20 .123 -20 .24 -127 
12.0 .63 -179 9.75 3.07 13 -17.86 .128 -29 ‚22 -139 
13.0 .61 166 9.57 3.01 09 -17.79 _.129 -39 ` .20 _ «150 
14.0 .60 155 9.37 2.94 -83 -17.65 .131 -43 .16 . -158 
15.0 .59 140 9.17 2.88 -22 -17.52 .133 -54 14 ` -170 
16.0 .57 124 8.91 2.79 -35 -17.46 134 © -65 22.11 178 
17.0 .55 108 8.82 2.76 -50 -17.20 .138 -76 .07 166 
18.0 .54 88 8.77 2.75 -64 _ -17.02 4 41 -89 .04 Е 31 
Typical Scattering Parameters: Common Source, 2, = 50 © _ ТА = 25°С, Vos il 5 V, Ips = 20 mA 
Freq. $11 $21 $12 $22 | 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
2.0 97 -33 13.89 4.95 147 -29.62 033 68 41 -24 
3.0 .95 -45 13.76 4.88 135 -26.56 .047 _ 60 .40 -33 
4.0 .91 -62 13.57 4.77 119 -24.44 .060 50 .37 -45 
5.0 .86 -79 13.20 4.57 103 -22.73 .073 38 .33 -57 
6.0 .80 -95 12.75 4.34 88 -21.72 .082 28 .30 -69 
7.0 .76 -110 12.34 4.14 74 -20.82 .091 -19 27 22-82 
80. 14 -121 12.07. 4.01. 65 -20.09 .099 14 24. -90 
9.0 .71 -135 . 11.75 3.87 51 -19.66 .104 Ө .22 -102 
10.0 .67 -150 ` 11.35 3.70 37 -19.17 .110 -5 ..20 -113 
11.0 .62. -164 10.95 3.53 24 -18.86 .114 -14 . 17 -123 : 
12.0 .59 -178 10.63 3.40 11 -18.42 .120 -23 .15 -138 
13.0 ‚57 167 10.47 3.34 -2 -18.20 .123 -33 .14 -152 
14.0 .56 156 10.32 3.28 -9 -17.99 .126 -37 .12 -164 
15.0 .54 140 ` 10.10 3.20 -23 -17.92 .127 -47 .10 -173 
16.0 .52 125 9.82 3.10 -37 -17.65 .131 -58 .06 -179 ` 
17.0 2.49 107 9.70 3.05 -51 -17.39 .135 -70 .03 165 
18.0 _.50 88 9.72 3.06 -66 
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-17.08 








бо 


ТА = 25°C, Vos = 1 5 V, Ips = 10 mA 


Ang 









mE ATF-44100 (AT-8141) 
| HEWLETT ` 
2 





PACKARD — SS |. 2-8 GHz Medium Power 
Gallium Arsenide FET 
Features e | | Chip Outline 


е High Output Power: | 
32.0 dBm typical P+: ав at 4 GH 

e High Gain at 1 dB Compression: 
9.0 dB typical С! ав at 4 GHz 


e High Power Efficiency: 
36% typical at 4 GHz 








Description 


The ATF-44100 is a gallium arsenide Schottky-barrier-gate 
field effect transistor designed for medium power, linear 








| | 72 ит ` 
amplification in the 2 to 8 GHz frequency range. This | | Mad 
nominally 0.5 micron gate length GaAs FET is an _ 965.2 um | 


interdigitated ^ four-cell structure using  airbridge 38 mil | 
interconnects between source fingers. Total gate periphery 


is 5 millimeters. Proven gold based metallization systems | | 
and nitride passivation assure a rugged, reliable device. 


The recommended mounting procedure is to die attach at a 
stage temperature of 300 C using a gold-tin preform under 
forming gas. Assembly should be performed with wedge 
bonding using either 0.7 mil of 1.0 mil gold wire. See also 
"Chip Use" in the APPLICATIONS section. 


POWER OUTPUT @ 1 dB GAIN COMPRESSION AND 
1 dB COMPRESSED GAIN vs. FREQUENCY 


Vos = 9 V, Ips = 500 mA 


G4 qp. dBm 





Frequency, GHz 


Electrical Specifications, TA = 25°С 










Parameters and Test Conditions! 










P1 ав Output Power @ 1 dB Gain Compression: 
VDS = 9 V, 10$ = 500 mA 
G1 dB 1 dB Compressed Gain: | - 4. 






VDS = 9 V, Ips = 500 mA 







Efficiency @ P1 dB: VDS = 9 V, IDS = 500 mA 


| 1055 | Saturated Drain Current: Vps = 1.75 V, Vas = 0 V 
| 


Note: 1. RF Performance is determined by assembling and testing 10 samples per wafer. 
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ATF-44100, 2-8 GHz 
Medium Power Gallium Arsenide FET 


Absolute Maximum Ratings - 


Parameter | Symbol praises Part Number Ordering Information 
Drain-Source Voltage Vos V" Devices Per Tray 


























 Gate-Source Voltage — Ves | -7У ` ATF-44100-GP1- "B 
Drain Current IDSS ATF-44100-GP3 50 
Power Dissipation?? 8.3W ATF-44100-GP6 up to 300 
Channel Temperature 175°С — 24.0 4 
Storage Temperature | —65°С to +175°C 
Notes: | | | Typical Performance, Ta=25°C — 
1. Operation of this device above any one of these parameters (unless otherwise noted) nee 

may cause permanent damage. ел ЖТ 
2. Mounting Surface Temperature = 25°С. 
3. Derate at 55.6 mW/°C for TMOUNTING SURFACE > 26°C. 
4. The small spot size of this technique results in a higher, though 

more accurate determination of Өс than do alternate methods. 

See MEASUREMENTS section fér more information. 

OUTPUT POWER AND POWER ADDED EFFICIENCY | . INSERTION РОМЕН САІМ, MAXIMUM AVAILABLE GAIN 
vs. INPUT POWER | _ АМО MAXIMUM STABLE GAIN vs. FREQUENCY ` 


VDS =9 V, Ips = 500 mA, f = 4.0 GHz ` Wpsz9V, Ips = 500 тА. 

















= 
20 
E 
d @ 15 
5 Е 
© © 10 
5 
0 | 
1.0 20 . 4.0 60 80.- 120 
PiN, dBm | Frequency, GHz Ж | 
Typical Scattering Parameters: Common Source, Zo = 50 22 | ТА = 25°C, Vos = 9 V, 10$ = 500 mA 
Freq. S1 S21 S12 S 22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
1.0 88 -117 13.1 4.52 111 -28.0 040. 5:4 07 -6ө6. 
_ 2.0 .89 —149 8.1 . 2.55 . 88 2 -26.0 ` .050 36 . s -168 ` 
302  .89 -163 _ 54 1.80 72 -25.4 205844 | 38 ` 44 . .-170 
40 90 | -172. 2.4 1.32 ^ 60 -247 058 47 47 —173 
5.0 91 . —179 0.3 1.04 (| 49 -24.3 061 46 52 —176 
6.0 92 175 2222-14 85 39 -23.5 067 ат 56 -178 
_ 7.0 .92 170 | -3.2 .69 30 —23.0 071 749 .60 180 
8.0 .93 167 —4.4 (60 | 24 | -22.6 o 074 | c 50 44 | 176 ` 
9.0 93 . 162 —5.7 . 2..52 (15 . 2222  . 078 © 51 | 67 175 ` 
100 | 0.94 158 -67 _ 46 — 10 217 082 | 52 2 _ _ 173 . 
11.0 .95 153 —7.7 .41 3 ` -01.3. .086 50. 2473 172 | 


A model for this device is available in the DEVICE MODELS section. | dE CRT | | 
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ATF-44101 (AT-8140) 











O prit 2-8 GHz Medium Power 
| Gallium Arsenide FET 
Features | mE | 100 mil Flange 
e High Output Power: un | | 
32.0 dBm typical P1 ap at 4 GHz | 05 à Typ | 
e High Gain at 1 dB Compression: | E КЕЕ Е ж 
9.0 dB typical G1 ав at 4 GHz | | „+ 30 
e High Power Efficiency: | | 42. = | DRAN = 
36% typical at 4 GHz | | 3 I 


° Hermetic Metal-Ceramic Stripline Package 





.062 DIA. I 
1.57 (2)PLCS - 


SOURCE 


0.025 + 0.003 mils 03 
Description E II mm E 4 0.8 
The ATF-44101 is a gallium arsenide Schottky-barrier-gate 044 _ / 00 | 

field effect transistor designed for medium power, linear | 27 | Wii 2.54 

amplification in the 2 to 8 GHz frequency range. This 


nominally .5 micron gate length GaAs FET is ап 
interdigitated — four-cell structure using аіггіаде | | | 

interconnects between source fingers. Total gate periphery .300 min 
is 5 millimeters. Proven gold based metallization systems 





and nitride passivation assure a rugged, reliable device. Notes: 

This device is suitable for applications in space, airborne, mnm 
military ground апа shipboard, and commercial : eee are mm 
environments. It is supplied in a hermetic high reliability ап ххх 2 £005 ` 
package with low parasitic reactance and minimum thermal |. mm.xxs +.13 


resistance. ` | U 


POWER OUTPUT @ 1 dB GAIN COMPRESSION AND 
1 dB COMPRESSED GAIN vs. FREQUENCY 
Vos = 9 V, ips = 500 mA 


G4 ав. dBm 












Output Power @ 1 dB Gai f = 4.0 GHz 
VDS = 9 V, IDS = 500 mA f = 6.0 GHz 
1 dB Compressed Gain: — | f = 4.0 GHz 
VDS = 9 V, 10$ = 500 mA f 6.0 GHz 





n Compression: 
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ATF-44101, 2-8 GHz 
Medium Power Gallium Arsenide FET 


Absolute Maximum Ratings 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


Absolute 
Maximum! 




































Drain-Source Voltage VDS +14 V 
Gate-Source Voltage | Vos — -7У 
Drain Current IDS IDSS 
Power Dissipation?? PT 6.5 W 
Channel Temperature TCH 175°C 
Storage Temperature TSTG —65°C to +175°C 


Thermal Resistance: Ө(с = 23°C/W; TCH = 150°C 

Liquid Crystal Measurement; 1 um Spot Size“ 

Notes: С LM 

1. Operation of this device above ány one of these parameters 
may cause permanent damage. ` | | 

2. Case Temperature = 25°С. 


Derate at 43 mW/C for TCASE » 25°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Өү than do alternate methods. 
See MEASUREMENTS section Qf more information. 


© 


OUTPUT POWER AND POWER ADDED EFFICIENCY INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 


vs. INPUT POWER | | AND MAXIMUM STABLE GAIN уз. FREQUENCY 
VDS = 9 V, 10$ = 500 mA, f = 4.0 GHz VDS = 9 V, 10$ 500 mA 


Gain, dB 




















PiN, dBm 

———————áÓ———— Á——Á——— —— cA r ss 

Typical Scattering Parameters: Common Source, Zo = 50 Q | ТА = 25°C, Vos = 9 V, Ips = 500 mA 
Freq. 511 $21 S12 E S 22 | 
GHz . Mag ` Ang dB ` Mag Ang _ dB Mag Ang Mag Ang 
1.0 88 125 13.4 4.69 104 28.2 `.039 31 |. .29 —154 
2.0 87 |. —161 | 8.1 2.53 74 —26.7 .046 21 .38 —164 

_ 3.0 87  -178 4.8 1.73 54 -26.7 046 22 44 —167 
4.0 87 _ 168 2.5 1.34 35 -25.7 052 17 47 —175 
5.0 88 _ 153 08 1.10 - 16 -25.5 053 13 49 175 
6.0 88 136 -0.8 91 —5 -23.6 066 0 _ .52 160 
7.0 .89 122 - --2.5 75 -25 ||. 23.4 068 -7 56 144 
8.0 .89 .. 114 222 -4.2 | 62 -39 . -227 207: -3 62 182 
9.0 88 109. _-5.5 53 —52 _ -22.2 078 +18 68 _ 124 
100 86. 103 22 46.7 46 -64 -20.9 090 -24 72 118 
110 | 81 91 —6.9 45 — -78 -19.3 108 |. -33 — 73 112 
12.0 — 77 _ 74 -7.5 42 -95 —17.2  .138 -44 = 783 101 


A model for this device is available in the DEVICE MODELS section. 
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Ú; 














PACKARD _ m | | 2-12 GHz Medium Power 
e Gallium Arsenide FET 
Features | | Chip Outline 
e High Output Power: | 
29.0 dBm typical Р: ав at 4 GHz x бірт _ 881um 
е High Gain at 1 dB Compression: отш. , ЕРЕСИ Е. 


11.0 dB typical С! ав at 4 GHz 
e High Power Efficiency: 








38% typical at 4 GHz 
Description 
36 um 
The ATF-45100 is a gallium arsenide Schottky-barrier-gate 1.42 mil 
field effect transistor designed for medium power, linear 
amplification in the 2 to 12 GHz frequency range. This | — T3.5um 
nominally 0.5 micron gate length GaAs  FET is an 2.89 mil 





interdigitated ^ four-cell structure using airbridge 
interconnects between drain fingers. Total gate periphery is 
2.5 millimeters. Proven gold based metallization systems 
and nitride passivation assure a rugged, reliable device. All 
metal surfaces are gold plated for ease of bonding and die 
attach. 


The recommended mounting .procedure is to die attach 
temperature of 300 C using a gold-tin preform under forming 
gas. Assembly should be performed with wedge bonding 
using either 0.7 mil of 1.0 mil gold wire. See also "Chip Use" 
in the APPLICATIONS section. 


POWER OUTPUT @ 1 dB GAIN COMPRESSION and 1 dB 
| COMPRESSED GAIN vs. FREQUENCY 


Мов = 9 У, Ips = 250 mA | 


G4 ав, dBm 





Frequency, GHz 


Electrical Specifications, TA = 25°С 





Parameters and Test Conditions! 











P4 dB Output Power @ 1 dB Gain Compression: 
VDS = 9 V, IDS = 250 mA 
G1 dB 1 dB Compressed Gain: 





VDS = 9 V, IDS = 250 mA 






Efficiency @ P1 ав: Vos = 9 V, 10$ = 250 mA = 4.0 GHz 


|^ gm 0 Transconductance: Vps = 2.5 V, IDS = 250 mA 


Saturated Drain Current: Vps = 1.75 V, Vas = 0 V 


Pinchoff Voltage: Vps = 2.5 V, IDS = 5 mA 
Note: 1. RF Performance is determined by packaging and testing 10 samples per wafer. `: 








7-82 


Absolute Maximum Ratings 


Parameter Absolute 
| | Maximum! 
| Vos | 
























Drain-Source Voltage | +14 У 
Gate-Source Voltage I -7 V 

Drain Current IDSS 
Power Dissipation?? 4.0 W 
Channel Temperature 175°G 
Storage Temperature —65°C to +175°С 


Thermal Resistance: Өс = 38°C/W; TCH = 150°C 
Liquid Crystal Measurement; 1 um Spot Size* 


Notes: _ š 
1. Operation of this device above any one of these parameters 
may cause permanent damage. 


2. Mounting Surface Temperature = 25°C. 


. Derate at 26 mW/°C for TMOUNTING SURFACE > 23?C. 


The small spot size of this technique results in a higher, though 
more accurate determination of 6; than do alternate methods. 
See MEASUREMENTS section for more information. 


OUTPUT POWER AND POWER ADDED EFFICIENCY 
vs. INPUT POWER ` 


VDS = 9 V, ips = 250 mA, f = 4.0 GHz 





Pin, dBm 


Typical Scattering Parameters: Common Source, Zo = 50 © 
















ATF-45100, 2-12 GHz 
Medium Power Gallium Arsenide FET 


Part Number Ordering Information 


Devices Per Tray 


5 
50 
up to 300 


ATF-45100-GP1 
ATF-45100-GP3 
ATF-45100-GP6 





Typical Performance, Ta = 25°C | 


(unless otherwise noted) 


INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY 


Vos = 9 V, 105 = 250 тА ` 


4.0 


60 8.0 10.0 14.0 
Frequency, GHz | 


ТА = 25°C, Vos = 9 V, Ips = 250 mA 











Freq. S11 $21 $12 S 22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
1.0 .92 —88 16.1 6.41 124 -27.3 043 36 .32 -45 
2.0 85 —127 12.1 4.01 96 —26.0 .050 38 .29 —68 
3.0 ‚84 —147 9.3 2.93 78 -25.4 054. 40 29 -87 
4.0 85 —159 6.8 2.19 64 —24.9 057 43 31 —102 
5.0 (87. 169 4.8 1.74 51. -24.3 061 48 37 -118 
6.0 88 —177 3.1 1.43 38 -23.9 064 53 43 —130 
7.0 .88 177 1.3 1.17 27 -23.5 067 57 .50 —139 
8.0 89 173 0.0 1.00 19 —22.4 .076 60 .57 —149 
_ 9.0 .90 167 -1.3 86. 8 -21.7 082 63 63 -157 
10.0 90 162 2.6 74 1 —21.2 087 60 68 -162 
110 | оо 157 -4.0 4630 2-9 -20.4 096. 57 72 —169 
:12.0 91 148 5.4 54 —18 —19.9 .101 54 .75 —171 
13.0 |. 90 145 —6.0 .50 -25 -19.6 .105 48 .79 -175 | 
14.0 90 135 | -69 — 45 -35 —19.7 .104 41 .82 —179 


A model for this device is available in the DEVICE MODELS section. 
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ATF-45101 (AT-8150) 
22 . 2-8 GHz Medium Power 


pj HEWLETT 
С 2 — . Gallium Arsenide FET 


Features 


e High Output Power: 
29.0 dBm typical P1 ав at 4 GHz 
• High Gain at 1 dB Compression: | 
10.0 dB typical G1 ав at 4 GHz 


e High Power Efficiency: TL 
38% typical at 4 GHz | 


e Hermetic Metal-Ceramic Stripline Package 


Description 


The ATF-45101 is a gallium arsenide Schottky-barrier-gate 
field effect transistor designed for medium power, linear 
amplification in the 2 to 8 GHz frequency range. This 
nominally 0.5 micron gate length GaAs  FET is an 
interdigitated ^ four-cell structure using  airbridge 
interconnects between drain fingers. Total gate periphery is 
2.5 millimeters. Proven gold based metalization systems 
and nitride passivation assure a rugged, reliable device. 


This device is suitable for applications in space, airborne, 
military ground апа shipboard, апа © commercial 
environments. It is supplied in a hermetic high reliability 
package with low parasitic reactance and minimum thermal 
resistance. | | | 


POWER OUTPUT @ 1 dB COMPRESSION and 1 dB 
| COMPRESSED GAIN vs. FREQUENCY 


Vos = 9 V, Ips = 250 mA 


Р, ав. dBm 





Frequency, GHz 


Electrical Specifications, TA = 25°С 


Parameters and Test Conditions 





P1 dB Output Power @ 1 dB Gain Compression: 
VDS = 9 V, IDS = 250 mA 
G1 dB 1 dB Compressed Gain: 


VDS = 9 V, 10$ = 250 mA 
Efficiency @ P1 ав: VDS = 9 V, IDS = 250 mA 










. Pinchoff Voltage: Ур = 2.5 V, IDS = 5 mA 





Transconductance: Vps = 2.5 V, IDS = 250 mA 
. Saturated Drain Current: Vps = 1.75 V, Vag = 0 V 


asd £ ] 
ë ` 
2 Ç М r Yos 
à 
` . 


100 mil Flange Package 


.05 „ 
u.c m 

SOURCE Qu 
| 3.0 







DRAIN | 


1.57 (2) PLCS 
| 2 \ SOURCE 


tl 
062 DIA. Н. 


uum 0000-25 


Д dO - 


| 
——| ER 
АН ИКЕ ма 


06 10 2.05 
1.6 
Notes: | 
(unless otherwise specified) 
n 
1. Dimensions are mm 
2. Tolerances ` 


in .xxx = +.005 
mm .ХХ = +.13 












ATF-45101, 2-8 GHz 
Medium Power Gallium Arsenide FET 


Absolute Maximum Ratings 


Absolute 
see [sea | 22 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 









































Drain-Source Voltage +14 V 
Gate-Source Voltage -7У 

Drain Current IDSS 
Power Dissipation?’ 3.6 W 
Channel Temperature 175°С 
Storage Temperature —65?C to +175°С 


Thermal Resistance: Өс = 42°C/W; TCH = 150°C 
Liquid Crystal Measurement; 1 шт Spot Size* 


Notes: 

1. Operation of this device above any one of these parameters - 
may cause permanent damage. 

2. Case Temperature = 25°С. 


3. Derate at 24 mW/*C for TCASE > 24°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Ө than do alternate methods. 
See MEASUREMENTS section dr more information. 


OUTPUT POWER AND POWER ADDED EFFICIENCY 
vs. INPUT POWER 


Vos = 9 V, 10$ = 250 mA, f = 4.0 GHz 


INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY 


Vos = 9 V, ips = 250 mA 





add: % 





0 5 10 15 20 25 30 
Pin, dBm 





Typical Scattering Parameters: Common Source, Zo = 50 Q ТА = 25°C, Vos = 9 V, Ips = 125 mA 

















A model for this device is available in the DEVICE MODELS section. | 
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Freq. 511 S21 S12 S 22 
GHz Mag Ang dB Mag Ang dB Mag _ Ang Мад Ang 
1.0 .89 —88 14.9 5.54 119 —26.2 „049 43 .31 —63 
2.0 83 -135 10.8 3.48 82 —26.0 .050 18 .33 —108 
3.0 ‚81 —158 7.6 2.40 58 —25.8 051 7 99. -129 
4.0 .84 —174 5.4 1.86 38 | -—25.5 .053 3 .46 —144 
5.0 .82 170 3.8 1.55 18 —25.2 .055 —2 50 —154 
6.0 ‚81 152 2.6 1.36 —2 —24.4 .060 -8 52 -168 
7.0 .81 133 1.2 1.15 —25 —23.9 .064 -15 .55 173 
8.0 .81 122 -0.3 .97 —42 —23.5 .067 —20 .59 154 
9.0 .80 113 —1.8 ‚81 —60 —22.6 .074 —31 .64 _ 137 
. 10.0 .79 107 —3.2 .69 -73 —22.0 .079 -40 ‚68 123 
11.0 277 94 -4.6 .59 —91 —21.5 .084 -45 .72 113 
12.0 ‚7З 82 5.8 .51 —106 —20.3 .097 -55 .76 99 
13.0 - 68 69 -6.7 46 -123 -18.3 421 -63 78 89 
14.0 .64 56 —7.1 44 —137 -15.9 .161 —79 80 79 


НЕЕ ü ATF-45171 (AT-11571) 





PACKARD. |. |. .. 28GHzMedium Power . |. |... . 
E Р Gallium Arsenide FET x А 
Features | _ 70 mil Flange Package - 
e High Output Power: E | Р. 
29.0 dBm typical Р: ав at 4 GHz | ~~ 6.86 MIN 
° High Gain at 1 dB Compression: TR ет 


10.5 dB typical G1 ав at 4 GHz 
e High Power Efficiency: 
38% typical at 4 GHz 
° Hermetic Metal-Ceramic Stripline Package 


Description 


The ATF-45171 is a gallium arsenide Schottky-barrier-gate 
field effect transistor designed for medium power, linear 
amplification in the 2 to 8 GHz frequency range. This 
nominally 0.5 micron gate length GaAs  FET is an 
interdigitated ^ four-cell ^ structure using — airbridge 





interconnects between drain fingers. Total gate periphery is .003 4.002 1.78 12 

2.5 millimeters. Proven gold based metallization systems 08 4.05 | Notes: 

and nitride passivation assure a rugged, reliable. device. : - v - (unless otherwise — 
PES MONETE NUT ; ' 1. Dimensio Tm 

This device is suitable for applications in space, airborne, і | Улы аге mm 

military > ground апа shipboard, and commercial EE Y _ in .xxx = +.005 


environments. It is, supplied in a hermetic high reliability 
package with low parasitic reactance and minimum thermal 
resistance. | EET те 


mm .xx = +.13 : 


D . à — =o 


POWER.OUTPUT @ 1 dB COMPRESSION and 1 dB 
/ A. COMPRESSED GAIN vs. FREQUENCY 


Vos = 9 V, Ips = 250 mA | 





Frequency, GHz 


Electrical Specifications, ТА = 25°С 











E Parameters and Test Conditions 


. Output Power @ 1 dB Gain Com 
Vos = 9 V, Ips = 250 mA 


_1 dB Compressed Gain: | | - 4. 
_ Vps = 9 V, Ips = 250 mA | | - 8. 










pression: 
















` Efficiency P1 ав: Урв = 9 V, IDS = 250 mA 

|^ gm | - Transconductance: Vos = 2.5 V, Ips - 250 mA 

| iss 0 ` Saturated Drain Current: Vps = 1.75 V, Vas = 0 V 
.." Pinchoff Voltage: Vps = 2.5 V, Ips = 5 mA 
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ATF-45171, 2-8 GHz 
Medium Power Gallium Arsenide FET 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


Absolute Maximum Ratings. 


Absolute 
m epum 


































Drain-Source Voltage +14 V 

- Gate-Source Voltage ` ` | 2-7 М 
Drain Current | IDSS 
Power Dissipation?? 3.6 W 
Channel Temperature 175°С 
Storage Temperature —65?C to +175°С 


Notes: | 
1. Operation of this device above апу опе of these parameters 
. may cause permanent damage. 


2. Case Temperature - 25°С. 
3. Derate at 24 mW/^C for TCASE > 24°С. 


4. The small spot size of this technique results in a higher, though 
"more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section for more information. 


OUTPUT POWER AND POWER ADDED EFFICIENCY 
vs. INPUT POWER 


Vos = 9 V, Ips = 250 mA, f = 4.0 GHz 


INSERTION POWER GAIN, MAXIMUM AVAILABLE САІМ. 
_ „АМО MAXIMUM STABLE GAIN vs. FREQUENCY 


Vps s 9 V, Ips = : 250 mA 





^. 710.0. 14.0 


Pin, dBm Erden CY. GHz 


Typical Scattering Parameters: Common Source, Zo = 500 ТА = 25°C, Vos = 9 V, Ips = 250 mA 














Freq. $11 S21 S12 S 22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
1.0 . 91 -83 14.5 5.30 ‚ 122 —26.7 046 46 37 —46 
2.0 .83 —137 .10.8 3.45 83 —26.4 .  .048 19 26 —91 
_ 3.0 2183 -167 7.4 2.34 54 -26.0 050. 5 31 -131 
4.0 86 174 | 4.4 1.66 . 32 —25.5 .053 2 43. -155 
: 5.0 86 162 2.1 1.28 12 -25.1 ‚055 0 52 —167 
_ 6.0 .85 152. 0.7 1.09 -3 —24.7 .058 —2 56 —176 
_ 7.0 .84 138 0.1 1.01 —22 —24.4 .060 -6 .59 173 
. 8.0 .84 124 —0.9 .90 —40 —23.8 .064 —13 .62 154 
2950 .85 114 —2.5 .75 —59 —23.4 .068 —19 66: 2135 
: 10.0 .85 106 —4.3 . .61 —70 -22.5 075 —25 - 71 123 
. 11.0 85 100 -5.2 .55 —81 _—21.6 083. -30 76 _ 119 
12.0 .83 95 —6.2 .49 —90 —20.8 .091 -39 .79 111 
13.0 .80 76 -6.7 46 —107 -19.3 .109. -50. 81. 98 
14.0: .77 759 -8.0 .40 —125 -18.9 .113 -61 83 78 


A model for this device is available п the DEVICE MODELS section. 
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O| HEWLETT EE ATF-46100 (АТ-8161) 





PACKARD. Т 2-14GHzMediumPower ` 
Gallium Arsenide FET 
Features | LS | Chip Outline 


e High Output Power: 
27.0 dBm typical Р вв at 4 GHz Pe А 


e High Gain at 1 dB Compression: ELS | > [l*isimi | 
12.0 dB typical С! ав at 4 GHz — 
е High Power Efficiency: 


38% typical at 4 GHz 
Description 
51 ит 


The ATF-46100 is a gallium arsenide Schottky-barrier-gate 2.00 mil 
field effect transistor designed for medium power, linear Я 

amplification in the 2 to 14 GHz frequency range. This 

nominally 0.5 micron gate length GaAs FET is an 

interdigitated — four-cell structure using airbridge 

interconnects between drain fingers. Total gate periphery is 36 um 

1.25 millimeters. Proven gold based metallization systems 1.42 mil 
and nitride passivation assure a rugged, reliable device. All 

metal surfaces are gold plated for ease of bonding and die 

attach. 


The recommended mounting procedure is to die attach 
temperature of 300°C using a gold-tin preform under forming 
gas. Assembly should be performed with wedge bonding 
using either 0.7 mil of 1.0 mil gold wire. 299 also еу Use" 
in the APPLICATIONS section. | 








POWER OUTPUT @ 1 dB COMPRESSION and 1 dB 
| COMPRESSED GAIN vs. FREQUENCY 


Vos s 9 V, іре = 125 mA 


G4 ав. dBm 





| | sss 0 
(220 = 40 60 80 100 120 
| Frequency, GHz ` 


Electrical Specifications, Ta = 25°C 


Symbol | _ Parameters and Test Conditions" “Там Ts 









Output Power @ 1 dB Gain Compression: f = 4.0 GHz 26.0 
_ Vps = 9 V, Ips=125mA f = 8.0 GHz 
| f = 12.0 GHz 
1 dB Compressed Gain: f = 4.0 GHz 
Vos = 9 V, Ips = 125 mA f = 8.0 GHz 





f = 12.0 GHz 





Note 1: RF Performance is determined by packaging and testing 10 samples per wafer. 
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ATF-46100, 2-14 GHz 
Medium Power Gallium Arsenide FET 


Absolute Maximum Ratings 


Absolute 


Drain-Source Voltage +14 V 


Part Number Ordering Information 


Part Number Devices Per Tray 




























 Gate-Source Voltage | —M ATF-46100-GP1 5 
Drain Current 105$ ATF-46100-GP3 50 
Power Dissipation?? 2.2 W ATF-46100-GP5 up to 300 
Channel Temperature 175°С | 
Storage Temperature —65°С to +175°С 


Typical Performance, T4 = 25°С 


(unless otherwise noted) 


Notes: 


1. Operation of this device above any one of these parameters 
may cause permanent damage. | 


2. Mounting Surface Temperature - 25?C. 


3. Derate at 14.3 mW/*C for TMOUNTING SURFACE » 21?C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section for more information. 


OUTPUT POWER AND POWER ADDED EFFICIENCY 
vs. INPUT POWER 


Vps = 9 V, Ips = 125 mA, f = 4.0 GHz 


INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY 


Vps z 9 V, Ips = 125 mA 


Gain, dB 





n add: % 





10 2.0 4.0 6.0 8.0 


Pin, dBm Frequency, GHz 


Typical Scattering Parameters: Common Source, Zo = 50 Q TA = 25°C, Vos = 9 V, lbs = 125 mA 











Freq. 511 521 512 S 

GHz Mag Ang dB Mag Ang dB Мад Ang Mag Ang 
1.0 .97 —44 13.0 4.48 148 —30.8 .029 70 . .60 -15 
2.0 89 -80 11.3 3.69 121 -27.1 044 70 56 -26 
3.0 84 -106 9.9 3.13 101 -25.5 053 69 51 —36 
4.0 81 —129 8.3 2.59 83 -24.4 060 68 47 -45 
5.0 81 -147 6.8 2.20 67 -23.9 .064 66 ` 45 _ —59 
6.0 182 -161 5.6 1.90 53 -23.5 067 64 42 -74 
7.0 83 -172 42 — 141.63 40 -22.9 072 62 |. 42 —89 
8.0 184 180 3.3 1.46 29 -22.0 079 60 45 -105 
9.0 85 171 2.3 1.31 16 -20.8 091 58 49 -125 
10.0 86 163 1.0 1.12 4 -19.8 102 56 55 —139 
11.0 .88 156 0.3 1.03 -7 -18.9 113 54 61 -154 
12.0 89 149 -1.0 189 -18 -18.5 119. 51 66 —162 
13.0 90 — 142 -20 79 -26 -17.7 130 42 72 -172 
140 . м6оҙ 135 -3.2 .69 -38 -17.4 135 39 76 180 
15.0 92 130 -43 .61 —45 —16.9 143 33 279 175 
16.0 .93 126 —5.4 54 —51 -16.4 1151 24 82 167 


A model for this device is available in the DEVICE MODELS section. 
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UJ HEWLETT ATF-46101 (AT-8160) 

а р, PACKARD . 2-10 GHz Medium Power. 
Gallium Arsenide FET 

Features 100 mil Flange Package 


e High Output Power: ` 2% 
27.0 dBm typical Р: ав at 4 GHz 


° High Gain at 1 dB Compression: . 
10.0 dB typical G; ав at 4 GHz 


е High Power Efficiency: 
38% typical at 4 GHz E 


e Hermetic Metal-Ceramic Stripline Package 


Description 


The ATF-46101 is a gallium arsenide Schottky-barrier-gate 
field effect transistor designed for medium power, linear 
amplification in the 2 to 10 GHz frequency range. This 
nominally 0.5 micron gate length GaAs  FET is an 
interdigitated four-cell structure using  airbridge 
interconnects between drain fingers. Total gate periphery is 
1.25 millimeters. Proven gold based metallization systems 
and nitride passivation assure a rugged, reliable device. 


This device is suitable for applications in space, airborne, 
military ground апа shipboard, and commercial 
environments. It is supplied in a hermetic high reliability 
package with low parasitic reactance and minimum thermal 
resistance. 


POWER OUTPUT @ 1 dB COMPRESSION and 1 dB 
COMPRESSED GAIN vs. FREQUENCY 


|. Vps = 9 V, lps = 125 mA ` 





Frequency, GHz 


Electrical Specifications, TA = 25°С 


. Output Power @ 1 dB Gain Compression: 
_ VDS = 9 V, Ips = 125 mA | 


1 dB Compressed Gain: 
VDS = 9 V, Ips = 125 mA 






1.57 (2) PLCS 


| 
< 


: SOURCE 
E | 0.025 + 0.003 mils | _, _.03 


0.64 £0.08 mm ` 0.8 


222100 


ERO mm | 


t .002 
.10 +.05 


LS lle 


06 — 


1.6 


Notes: | 
(unless otherwise specified) 
1. Dimensions are mm 
2. Tolerances | 
. in ХХХ = +.005 ` 
^ mm.xxs 3.13 





Absolute Maximum Ratings ` 


ATF-46101, 2-10 GHz 
Medium Power Gallium Arsenide FET 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


| Absolute 
тшшш [эе] Бане 


Drain-Source Voltage vs | 44V 



































"^" Gate-Source Voltage | -7V ` 
Drain Current | 1055 
Power Dissipation?3 2.0 W 
Channel Temperature 175°С 
Storage Temperature —65°C to +175°С 


Notes: 
1. Operation of this device above any one of these parameters 


may cause permanent damage. 
2. Case Temperature - 25?C. 
3. Derate at 13 mW/°C for TCASE > 25°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section for more information. 


OUTPUT POWER AND POWER ADDED EFFICIENCY | 
? vs. INPUT POWER 


Vps = 9 V, los = 125 mA, f = 4.0 GHz 


PouT , dBm 


"1 add» % 








_ INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
AND MAXIMUM STABLE GAIN vs. FREQUENCY 


Vps = 9 V, Ips = 125 mA 








1.0 20 — 40 60 10.0 14.0 
Pin, dBm Frequency, GHz 
Typical Scattering Parameters: Common Source, Zo = 50 © Ta = 25°C, Vos = 9 V, Ips = 125 mA 
Freq. $11 $21 $12 $22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
1.0 .94 -56 12.8 4.37 135 -31.4 027 52 .64 -28 
2.0 86 -101 10.7 3.41 98 -27.3 043 30 59 -56 
3.0 182 -131 8.4 2.64 71 -26.9 045 18 58 —79 
4.0 82 —152 6.7 2.16 48 -26.4 048 9 62 -98 
_5.0 .80 —173 5.4 1.86 26 -26.0 050. -1 .63 -112 
6.0 ‚79 165 4.3 1.64 5 —25.8 051 -12 ‚65 —126 
_ 7.0 78. 143 3.1 1.43 -18 -25.4 054 -24 .65 —145 
_ 8.0 ‚78 131 1.6 1.20 —36 -24.7 058 ` -37 .70 —166 
9.0 77 123 0.3 1.03 -55 -23.9 064 —40 .73 173 
10.0 .76 118 -1.2 87 -72 -23.1 070 —52 .76 158 
11.0 67 104 -2.0 79. -91 -22.6 074 -57 ‚79 146 
12.0 .60 86 -2.7 ‚73 -110 -21.2 087 -66 .83 136 
130 :54 71 -3.5 — .67 —133 —19.7 .104 -79 87 124 | 
14.0 ` ' 50 64 —4.0 .63 -154 -15.9 160 -99 .92 115 


A model for this device is available іп the DEVICE MODELS section. 
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ATF-46171 (AT-11671) 








. 2-10 GHz Medium Power . . 20, 
Gallium Arsenide РЕТ. 
Features 70 mil геге Package 
e High Output Power: 12 270 МІМ 
я —— - № 


27.0 dBm typical Р ав at 4 GHz 


e High Gain at 1 dB Compression: 
11.0 dB typical С! ав at 4 GHz 
е High Power Efficiency: 
38% typical at 4 GHz 
ө Hermetic Metal-Ceramic Stripline Package 


Description 


The ATF-46171 is a gallium arsenide Schottky-barrier-gate 
field effect transistor designed for medium power, linear 
amplification in the 2 to 10 GHz frequency range. This 
nominally 0.5 micron gate length GaAs FET is an 
interdigitated ^ four-cell structure ^ using airbridge 
interconnects between drain fingers. Total gate periphery is 
1.25 millimeters. Proven gold based metallization systems 
and nitride passivation assure a rugged, reliable device. 


This device is suitable for applications in space, airborne, 
military ground and shipboard, and commercial 
environments. It is supplied in a hermetic high reliability 
package with low parasitic reactance and minimum thermal 
resistance. | 


. POWER OUTPUT @ 1 dB COMPRESSION and 1dB — 
_ COMPRESSED GAIN vs. FREQUENCY 


Vps = 9 V, Ips = 125 mA 





10.0 12.0 
Frequency, GHz ` `` | И 


Electrical Specifications, ТА = 25°C 





Output Power @ 1 dB Gain i Compression 
М5 = 9 V, Ips = 125 mA 


1 dB Compressed Gain: © 
8 9 V, Ips = 125 me 


08 t.05 











Mn 


Notes: 
_y (unless otherwise specified) 
^. 1. Dimensions аге Hn 
_ 2. Tolerances 
|. in .xxx = +.005 
mm .xx = +.13 
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ATF-46171, 2-10 GHz 
Medium Power Gallium Arsenide FET 


Absolute Maximum Ratings Typical Performance, T4 = 25°С 
Absolute (unless otherwise noted) 
— 









Drain-Source Voltage +14 V 






















Gate-Source Voltage —7 V 

Drain Current IDSS 

Power Dissipation?? 2.0 W 

Channel Temperature 175°С 
—65?C to +175°С 


Storage Temperature 


Notes: 


1. Operation of this device above any one of these parameters 
may cause permanent damage. 


2. Case Temperature - 25?C. 
3. Derate at 13 mW/°C for TCASE > 25°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Өјс than do alternate methods. 
See MEASUREMENTS section for more information. 


OUTPUT POWER AND POWER ADDED EFFICIENCY INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
vs. INPUT POWER AND MAXIMUM STABLE GAIN vs. FREQUENCY 
Vps = 9 V, Ips = 125 mA, f = 4.0 GHz Vps = 9 V, Ips = 125 mA 


Gain, dB 





"1 add» % 








š 1.0 2.0 40 60 80 120 16.0 
Pin, dBm Frequency, GHz 
p RGB naa ш у К О Үт I a EE а 
Typical Scattering Parameters: Common Source, Zo = 50 © Ta = 25°C, Vos = 9 V, Ips = 125 mA 
Fr 911 S21 S12 S 22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
1.0 95 —54 12.7 4.30 138 —29.4 034 63 71 —22 
2.0 84 —106 11.0 3.56 99 —26.7 046 30 60 -44 
3.0 81 -145 8.9 2.80 67 —25.7 052 13 52 —71 
4.0 81 —172 6.6 2.14 40 —25.0 056 2 52 —101 
5.0 80 171 4.6 1.70 18 —24.4 060 -3 58 -122 
6.0 79 159 3.1 1.44 1 —24.0 063 -6 63 -135 
7.0 78 141 2.2 1.29 -18 —23.5 067 -10 63 -147 
8.0 77 123 1.4 1.17 —36 —23.0 071 -14 64 -164 
9.0 79 108 —0.1 99 —58 —22.5 075 —17 67 171 
10.0 79 100 -1.4 85 —73 —22.0 079 —21 74 152 
11.0 78 93 -2.5 75 -86 -21.6 083 -24 76 142 
12.0 76 85 -3.5 67 -97 -20.6 093 -32 79 133 
13.0 73 67 -4.3 61 —118 —19.5 106 —49 80 119 
14.0 71 47 —5.8 51 —138 —19.0 112 —66 83 98 
15.0 .73 35 -7.5 42 —157 —18.6 .118 —71 .85 83 
16.0 15 26 -8.9 .36 -157 -18.3 121 —78 .90 72 


А model for this device is available іп the DEVICE MODELS section. 
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| Silicon Bipolar RF and > 


Microwave Inte grated 
Circuits _ 


. Hewlett-Packard's state-of-the- 


. art microwave bipolar technol- 


ову is the basis for а broad line ` 


of RF and microwave integrated 
circuits. Complexity ranges 


from very simple MSA series of | 


two-transistor Darlington gain 
blocks to multi-transistor func- 


-.. tion blocks such as the HPMX 


series of vector modulators. 
These devices are designed іо 
work optimally in the 100 MHz 
to 3 GHz frequency range, 
although operation to much 
lower frequencies is possible, 
and individual offerings have 
excellent performance at 
frequencies as high as 5 GHz. 


. Processes 
А number of processes are used 
to manufacture these devices. 
SAT process: Hewlett- 
Packard's state-of-the-art 
10 GHz fr 25 GHz МАХ 
bipolar process is also used 
to manufacture the AT line 
of discrete bipolar transis- 
tors. Diffused resistors are 
added to this joined- 
backside-collector process 
to allow the creation of 
simple ICs such as the 
MSA Darlington gain 
blocks. 
ISOSAT process: Trench 
isolation is coupled with 


the SAT transistor engine | 


to create a process | 
optimized for high speed | 
analog integrated circuits. 
Material and processing 
enhancements raise the 
nominal р of this process - 
to above 15 GHz. Design | 
flexibility is enhanced 
through the addition of 


second metal capability, 
and by the availability of 
such on-chip elements such 
as capacitors, diodes, and 
high valued resistors. This 
process also utilizes 
polyimide as an inter- 
metal dielectric and 
scratch protection. | 
. HP-10 and HP-25: These 
processes result from 
enhancements to Hewlett- 
Packard's high speed 
digital silicon processes, to 
make them suitable for - 
. microwave applications. 
The HP-10 has a nominal 


Іт of 10 GHz while the HP- 


_ 25hasa nominal frof 
25 GHz. 


The INA family adds a low noise 
input stage to a Darlington 
output stage to create high gain, 


low noise matched amplifiers. - 
Like the MSAs, this product 


family is broad-band, general- 


purpose in nature, and provides 
a simple solution to many IF 


_ and less critical LNA 


applications. With 25 dB gain at 
8 mA, the INA-03184 is also the 


most current-efficient gain block 


in the silicon MMIC families. 


к Тһе IAM family are Gilbert cell 
-> multiplier-based frequency | 


converters. This structure 


works well as an active mixer > ` 


in functions requiring load 
insensitive conversion gain, 


_ good spurious signal suppres- | 


· Product Families ` | 
- The MSA families are Darling- | 


ton feedback 50 © gain blocks. 
These simple ICs provide the 
designer with a wide selection of 
easy to use broad-barid, general 
purpose amplifiers suitable for 


many different RF and IF 
applications. Members of the 
family are differentiated by — 
_ output power, noise figure, bias 
requirements, and speciality 
performance features such as 
` bandwidth or dynamic range. | 


Тһе MSF family of frequency 


converters provide one of the 


. simplest receiver architectures 


available. The addition of 
parallel feedback to these 
devices will create a self- 
oscillating unbalanced mixer 


: from a simple gain block. These 


devices are most suitable for- 
down-conversion applications 


where. the IF is well spaced from 


the LO and RF frequencies, and 
noise PETOT RAEG is not critical. 


. sion, low LO power and moder-. _ n 
. ate dynamic range. Applications | 
include frequency down- К E 


conversion, up-conversion, 
modulation, demodulation, and 


_ phase detection, where the RF 


and LO йай сап be up to 


б GHz and the IF (output) ` 
. frequency сап be up to 2 GHz. | 


The HPMX family are vector · 
modulators. The "heart" of the - 
transmit chain in a digital | 
radio, these devices provide ће 
means by which the in-phase (T) 


and quadrature (Q) data 


streams are combined and up- 
converted to the broadcast 
frequency. The basic product 


consists of two Gilbert cell — 
multipliers and a summing 


amplifier on a single chip. . 


Variants allow for dual conver- 


sion operation by adding a 
second mixer, or specialize the 
frequency of operation by 
adding on- chip 90 эше phase 


shifters. 


Silicon Monolithic Integrated Circuits . 
General Purpose Amplifiers. E Specifications at 425?C Case Temperature. ) 


| GP @ GP @ .:| Min. Sup 
Part 0.1 GHz 1 GHz 
дырады (dB) . _ (dB) 












148 | | "s li 
: oe 













































+1.5 7 

+4.5 

+10.0 
MSA-0170 41.5 70 mil stripline 
MSA-0270 +4.5 70 mil stripline 
MSA-0370 410.0 70 mil stripline 





micro-X ceramic SM - 

trim lead micro-X SM 
micro-X ceramic ӨМ” | 
trim lead micro-X SM | 
micro-X ceramic SM 
trim lead micro-X SM- 


145 mil plastic 
























MSA-0104 


MSA-0185 .85 mil plastic 

MSA-0204 | 145 mil plastic 
MSA-0285 85 mil plastic | 
MSA-0304 _ 145 mil plastic 


85 mil plastic 


85 mil plastic 
85 mil plastic 
SOT-143SM plastic | 
85 mil plastic | 8-1 
SOT-143 SM Plastic | 8- 


SOT-143SM plastic | 
SOT-143 SM Plastic ` 


MSA-0385 




































М5А-2011 1 
MSA-2111 
РА 11 


16.5 
16.5 
18.5 






Low Noise s Amps (Typical Specifications at 425*C Case Temperature. ) 


рО | №@ Min. Supply Device | Device | | 

GHz | 1GHz | Pigg | Voltage a] Voltagel?l | Currentl@l u 

| (dB) | (dBm) сс) _ (Ма) (тА) eo : 
1.71 | 5.5 






































INA-01100 
INA-02100 
INA-03100 
MSA-0600 
.MSA-0700. | 
MSA-0800 
INA-01170 










70 mil stripline | 


INA-02170. | | 70 mil stripline 
І№МА-03170 70 mil stripline 
MSA-0670 70 mil stripline 
MSA-0770 70 mil stripline 


MSA-0870 | 
MSA-0635 |. 


| 70 mil stripline 
micro-X ceramic SM : 












MSA-0636 trim lead micro-X SM 
MSA-0735 micro-X ceramic SM 
MSA-0736 trim lead micro-X SM 
MSA-0835 micro-X ceramic SM 


MSA-0836 
INA-02184 






trim lead micro-X SM | 
^| 85 mil plastic — 






INA-03184 85 mil plastic 
MSA-0685. 85 mil plastic 
MSA-0785 | 85 mil plastic 


MSA-0885 85 mil plastic 
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Silicon Monolithic Integrated Circuits (cont.)  - 


Low Noise Amplifers (Typical Specifications at +25°С Case Temperature.) (cont.) s 













































Ср@ | бр@ |NFO!| |М. Supply Device Device | 
= Рай | 0.1GHz | 1GHz |1GHz | Pigg | МонадейТ | Voitagel4l | currentl@l | | | 
- Number (dB) | (dB) (dB) | (dBm) (Усс) | (Vg) -| (m) | | Package — 




















INA-02186 85 mil SM plastic . 
1МА-10386 85 mil SM plastic | 
MSA-0611 SOT-143 SM plastic 
MSA-0686 85 mil SM plastic 
MSA-0711 SOT-143 SM plastic 
MSA-0786 85 mil SM plastic .. 


MSA-0886 - 


Notes: ME! | 
[a] Refer to schematic drawing on individual data sheet. 


85 mil SM plastic | 





[b] Noise Figure at 0.1 GHz. 
[с.] Noise Figure at 0.5 GHz. 
[d.] Noise Figure at 0.5 GHz 


Medium Power Amplifiers (Typical Specifications at +25°C Case Temperature) 


GpO | Gp@ | NF@ Min. Supply Device. | Device | - 
Part 0.1 GHz | 1GHz | 1GHz | Pigg | Voltagel?] | Voltagelal | Currentlal - | 
Number (dB) (dB) (dB) | (dBm) (Vec) (Уа) (mA) | Package | "Page | 







MSA-0400 | 85 8.5 65 | +160 90 | chip 
MSA-0500 | 9.0 85 | 65 | 4230 165 | chip 
MSA-1000 | 85 | 85 70 | 4270 325 | chip 































MSA-0420 90 | 200 mil ВеО disk 8413. 
MSA-0470 | 70 mil stripline _ 8-117 . 
MSA-0520 200 mil BeO disk 8430 




























MSA-1023 230 mil BeO flange 8-176_ 

_ МЗА-0435 micro-X ceramic SM 8-115 
MSA-0436 trim lead micro-X SM 8-115 
MSA-0404 ‚145 mil plastic | 811" 
MSA-0485 8.3 85 mil plastic — 8-119 
MSA-0504 | 8.0 6.5 | +18.0 145 mil plastic — | 8-126 
MSA-0486 | 8.3 80 | 70 | +125 85 mil.SM plastic _ 8-121 
MSA-0505 80 | 70 | 65 +18.0 | 85 mil SM plastic . 


| 8128 — 


Wide Dynamic Range Amplifiers (Typical Specifications at +25°С Case Temperature) 


|. lcPQ | GP@ | Min. Supply | Device. | Device | i "E 
Part | 0.1GHz | 1GHz Pigg | Voltagell | Voltagel@l | Currentlal as MEM 
Number (dB) | (dB) (dBm) (Vec) (Уч) (тА) Package " 
4.0 8 | chip | 
4.0 | 


E: | | 


MSA-1110 
High Frequency Amplifiers (Typical Specifications at +25°С Case Temperature) 


MSA-1120 
MSA-1104 
Gp@ | Gp@ | №@ | Min. Sup у _ Device Device E w 
Pat | 0.1GHz | 1GHz | 1GHz | Pigg | Voltagel4l | voltagela] | current'a] | Ор 
Number | (dB) | (dB) (dB) | (dBm) (Va) | (mA) Package _ Pag 
MSA-0900 | 8.0 80 60 | +115 7.8 chip - 8-166 
_ MSA-0910 | 80 80 | 60 | +115 _ 78 100 mil stripline — |: 


MSA-1105 
- (Усс) 
| i 8-169. 
[мА | в0 | 75 | 60 | tto 









100 mil stripline 
200 mil BeO disk 
145 mil plastic 

85 mil SM plastic . 






40 
42 











85 mil SM plastic _ 8-171. 


Silicon Monolithic Integrated Circuits (cont) 
Special Purpose/Minimal or No Feedback Amplifiers 
(Typical Specifications at +25°С Case Temperature) 


| бр@ | Gp@ | №@ Min. Supply | Device | Device | 
Part |0.1GHz | 1GHz | 1GHz | Pag | Voltage! | Voltagel@l | Currentl@l 
Number (dB) (dB) (dB) | (dBm) | (Усе ` (Уа) (mA) Package Page 


MSA-9970 | 175 | 160 | —— | +145 70 mil stripline 


| | 10 | 78 | 35 2 
mem =й: и ШЕШЕ 
MSA-0836 +12.5 10 7.8 trim lead micro-X SM 8-158 
[325 _ EINE 






MSA-0885 22.5 3.3 112.5 85 mil plastic 


Notes: mE 
[a] Refer to schematic drawing on individual data sheet. 


QPSK Modulators (Typical Specifications at +25°C Case Temperature.) | 
Part Pig | Psar | Noise А; Р 
Number | LOFreq. (dBm) | (dBm) | (dBm/Hz) | (dB) (Deg.) Package Page 
НРМХ-2001 | DC-2GHz ` DC -700 MHz 205 | +10 | SO-16,plastic 8-7 
HPMX-2002 | LO-1: 40-300 MHz 70 kHz 0.04 0.25 | SO-20, plastic 8-13 
LO-2: 250-2000 MHz 
















3-Port Double-Balanced Mixers (Typical Specifications at +25°C Case Temperature) 
Active 


















Max. IF RF-IF О Device 
Part Freq. w/Gain Gain IP3 Current 
Number (dB) (dBm) Package Page 
IAM-81000 | 0.05-5.0 | x38 | 30% _ | 125 | cp — | 83 — 
IAM-81018 | 0.05-5.0 up to 1.0 BE db š . 12. 180 mil SM 8-37 
1АМ-82008 0.05-5.0 up to 2.0 SO-8 SM 8-39 
1АМ-82018 0.05-5.0 up to 2.0 180 mil SM 8-43 





"meno | 00550 | рото | es | +9 | : Em 


2-Port Self-Oscillating Mixers (Typical Specifications at +25°С Case Temperature) 


ВЕ & LO Conversion Device 
Part Freq. Gain Current 
Number GHz Package а 
MSF-8670 0.1-2.0 up to 0.5 +710 ЕИ ЕИ 70 mil stripline 8-205 
MSF-8870 | 05-80 | upto2.0 9.019 +1619 70 mil stripline 8-209 
MSF-8635 0.1-2.0 up to 0.5 +710. EN Еа micro-X ceramic 8-205 
MSF-8835 0.5-8.0 up to 2.0 9.019 +1619 | micro-X ceramic 8-209 
MSF-8685 | 0.1-2.0 | upto0.5 8.06] +719 
MSF-8885 | 0.5-8.0 | upto2.0 8.519 +1619 





FEES 85 mil plastic 8-205 
36 85 mil plastic 8-209 


Notes: a | 
[а] -20 dBm RF input, -5 dBm LO input, RF at 2.0 GHz, LO at 1.75 GHz. 

[6] -20 dBm ВЕ input, 0 dBm LO input, RF at 2.0 GHz, LO at 1.75 GHz. 

[c] -20 dBm RF input, RF at 1.575 GHz, LO at 1.4 GHz. 2 

[d] -20 dBm RF input, RF at 4.2 GHz, LO at 5.15 GHz. 


` 


High Frequency Prescalers (Typical Specifications at +25°C Case Temperature) 


Part Divide FMAX FMIN Pi, @ Pour @ lec 
Number Ratio (GHz) (dB) (dBm) (dB) (V) Package Page 


IFD-53010 -25 @ 5.0 GHz -5 (9 0.15 to 5.0 GHz 100 mil stripline 8-45 
IFD-53110 -25 @ 3.0 GHz -5 @ 0.15 to 3.0 GHz 100 mil stripline 8-45 








Performance Graphs for Silicon Monolithic Amplifiers 


GAIN, dB 


NOISE FIGURE, dB 
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Silicon Bipolar Monolithic | 





Technical Data 


Features 


e /Q Bandwidth: 
DC - 700 MHz 


e LO Frequency Range: 
DC-2000 MHz 


° Standby Mode - Ра 10 mW 


е Low Cost Plastic 
Surface Mount Package 


Applications 


e Digital Cellular Radio 
(eg., GSM, ADC) 


e RF Data Links 

ө Vector Generators 

e AM Modulator 

e Single Sideband Mixer 


Description 

The HPMX-2001 is a silicon 
monolithic quadrature phase. 
shift keyed modulator in a plas- 
tic surface mount SO-16 pack- 
age. It is designed for wide ог 
narrow band applications and 
has a typical LO operating 
frequency range of DC-2000 MHz 
and typical I/Q bandwidth 

of DC-700 MHz. 


QPSK Modulator 


The modulator may be operated 
in any combination of single or 
differential input/output con- 
figurations. The LO inputs are 


_ self biasing and have 50 Ohm 


termination impedances. The I 
& Q inputs are open base and 
require 2.5 V DC bias. This al- 
lows direct coupling to the I & 
Q inputs. The RF output is de- 
signed to drive a 50 Ohm load 
and has a saturated output 
power level of -5.5 dBm. 


The internal signal paths of the 


modulator are fully differential 
to help reduce susceptibility to 
common mode noise. The small 


amplitude and phase imbalance 


of the device, 0.5 dBand1 
degree respectively, makes the 
modulator suitable for many 
communication applications. 
The HPMX-2001 also features а 
standby mode in which the de- 
vice consumes only 10 mW of 
power. 


The HPMX-2001 is man- 
ufactured using Hewlett- 
Packard's 13 GHz F;, 25 GHz 
Fmax Silicon bipolar integrated 
circuit process. 


LA Sickan 


HPMX-2001 


Plastic SO-16 Package 





Functional Block Diagram 
and Pin Configuration 





NOTE 1: DO NOT GROUND PIN 7. | 





HPMX-2001 Absolute Maximum Ratings, TA = 25^ C* 


Cv [Saywas — a 
ЕЛЕСІ” [ж | 9 
Cow. [взш | we ОСИ 


*Operation in excess of any one of these conditions may result in permanent damage to this device. 















Care should be taken to prevent Electro Static Discharge (ESD) that could permanently dam- 
age the device. Class I device. 
Notes: 1. A Өја of 200°C/W should be used for derating and junction temperature 
calculations: Tj = (Рах 0;,) + Та 
2. Maximum soldering temperature is 260?C for 5 seconds. 


Electrical Parameters, ТА = 25°С, Ve = 5V, Single Ended Operation 





Parameter/Test Condition: Z, = 50 Ohms 
LR ]eee- — — es | 
Standby Power, V,,, = 42.5 Volts | mw | ш 
ИИИ ГГ == ГТ Б 
= [teeing Rene | wm | өлш” 
LT 





I/Q Input Impedance | Ohms 25K | 
pF — 1.0 


RF Electrical Parameters, TA = 25°C, Vcc = 5V, Single Ended Operation ` 
Symbol Parameters/Test Conditions: LO = -13 dBm, . 

Е = 100 MHz, 9 = 70 KHz 1 Volt Р-Р, Zo = 50 Ohms 

Power Out at 1 dB Compression | 


EN 
м. | моя ° Га L =] 
liane. 77 RR 
2 Гасни о em | im^ 
БЕГЕН” [ m | ms 
БЕН 












I/Q Phase Imbalance i +1.0 


Modulation products power level Residual LO 
in dB relative to the desired Undesired Sideband 
. sideband at the output 







Notes: 3. Improved LO rejection may be obtained by adjusting I/Q bias voltages. 
4. Undesired sideband and harmonic suppression may be improved by adjusting I/Q amplitude and phase and/or 
using differential operation. 
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RF Electrical Parameters, TA = 25°C, Vee = 5V, Single Ended Operation 











Symbol Parameters/Test Conditions: LO = -13 dBm, Units Typ. 
Е = 900 MHz, UQ = 70 KHz 1 Volt Р-Р, 2, = 50 Ohms | 
Output Noise Floor dBm/Hz 
ШРШ m | 2 
БЕРСЕ I/Q Phase Imbalance | +1.0 
Modulation products power level Residual LO dBc -85(3) 
in dB relative to the desired Undesired Sideband dBc -30(4) 
sideband at the output 


Notes: 3. Improved LO rejection may be obtained by adjusting I/Q bias voltages. 
4. Undesired sideband and harmonic suppression may be improved by adjusting I/Q amplitude and phase and/or 


using differential operation. 


Theory of Operation 


Figure 1 shows the simplified 
schematic for the HPMX-2001. 
There are four differential in- 
put pairs (I, Q, LO = 0°, 

LO = 90?) and one differential 
output pair (RF). Any of the in- 
puts or outputs can be used sin- 
gle-endedly with the proper ter- 
minations. The bias circuit for 
the LO inputs provides 50 Ohm 
matching of typically 2.3:1 in ei- 
ther differential or single-ended 
mode. The I and Q inputs are 
differentially mixed with the 
LO = 0? and LO = 90? signals 
respectively. The two mixer 
cells are double balanced to im- 
prove port isolation and reduce 
spurious signals at the RF 
output. 


The outputs of the mixers are 
cross coupled into the summing 
amplifier circuit. This helps to 
reduce any internally generated 
offsets which tend to cause 
greater feedthrough of 
unwanted signals to the RF 
outputs. 


The mixer and summing sub- 
cells utilize current sources that 
are controlled by the standby 
circuit. When the standby 
mode is activated, the control 
line turns off the current 
sources for all subcells. The 
resulting power dissipation is 
due only to the standby circuit. 











P | 
- 1 
1 (J ° 
(+) LO = 0° ©) I | I C) (-) LO = 90? 
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Figure 1. HPMX-2001 Simplified Schematic 
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1. IMPROVED LO REJECTION MAY BE OBTAINED BY 
ADJUSTING THE VQ BIAS VOLTAGES. 

2. UNDESIRED SIDEBAND AND HARMONIC 
SUPPRESSION MAY BE IMPROVED BY ADJUSTING I/Q 
AMPLITUDE AND PHASE AND/OR USING DIFFERENTIAL 
OPERATION. 


2.5901 >-- 
0.2 uF М. ге | 0.2 pF 
a weur —]C« -—-— ER NS 
| | son .L 
E SO | E 
15 
| i = 
з Í Ë 14 
V c= 5V ——O——4 Г-9-1%- ov 

0.2 pF : 1 = 
i || Y; | i 0.2 pF == 
0.2 pF | ‚М, 1 = 
гу —{ ) = | x MI ® C— (+) LO = 90? 

жы ! | 0.2 

— Г | 2 uF 
V SWITCH < ОУ OPERATE (y 6 I су 
> 2V POWER DOWN | | ja, 58 
| 2wW o -L 
NY! т | 
vo — oH X 19 GD — ()LO=0° NOTES: 
9 . 
ee ey on 
2.51] ЖЕНЕ 2 5yUl 


Figure 2. HPMX-2001 Test Circuit, Single Ended Operation?! 


RF OUTPUT POWER (dBm) 





1,500 
FREQUENCY (MHz) 


2,000 
Мсс (VOLTS) 


Figure 4. Typical RF-LO Frequency 
Response, LO = -13 dBm, I and 
Q = 70 KHz, 688 mV Р-Р 


Figure 3. Typical Ісс vs. Усс vs. 
Temperature 


RF OUTPUT POWER (dBm) 
OUTPUT POWER (dBm) 


OUTPUT POWER AT 1 dB 
COMPRESSION (P, gp) 





-10.0 L LL. 
-60 -40 -20 20 40 60 80 100 
TEMPERATURE (°С) 


FREQUENCY (MHz) 


Figure 7. Output Power vs. 
Temperature, Усс = 5 Volts, 
F = 100 MHz 


Figure 6. Typical Output Frequency 
spectrum, LO = 900 MHz -13 dBm, 
ГО = 70 KHz 1 Volt Р-Р 
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3. DO NOT GROUND PIN 7. 


о o 






8 9 9 8 
oa bà Ó N 
оо о о о 





RF OUTPUT POWER (dBm) ` 







оо N 
о о 


NI! 


ilu WU 





FREQUENCY (MHz) 


Figure 5. Typical Output Frequency 
spectrum, LO = 100 MHz -13 dBm, 
UQ = 70 KHz 1 Volt Р-Р 


EN» 








pun 
NN 


OUTPUT POWER (dBm) 


OUTPUT POWER AT 1 dB 
COMPRESSION (Р, çp) 


Vec (VOLTS) 


Figure 8. Output Power vs. Vcc, 
Ta = 25°C, F = 100 MHz. 


Package Dimensions 


Plastic SO-16 Package 


FIN 
al 
ЕЗШ 
[65 
K| 
EXE 
el 
ej 






















Dimensions 





A 



























1.35 (0.053) 1.75 (0.068) 
A1 0.10 (0.004) 0.25 (0.0098) 
B 0.35 (0.0138) 0.49 (0.0192) 
C 0.19 (0.007) 0.25 (0.0098) 
D 9.80 (0.386) 10.00 (0.394) 
E 3.80 (0.150) 4.00 (0.157) 
e 1.27 BSC (0.050) 
H 5.80 (0.228) 6.20 (0.244) 
h 0.25 (0.010) 0.50 (0.020) 
L 0.40 (0.016) 1.27 (0.050) 
q 0° 8° 


Meets JEDEC outline dimensions. 
Dimensions are in millimeters (inches) 
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Silicon Bipolar Monolithic 


Conversion Quadrature 


Modulator 
Technical Data 


Features 
е I/Q Bandwidth >10 MHz 


e Wide Bandwidth 
1st LO, 40-300 MHz 
2nd LO, 250-2,000 MHz 
RF 250-2,000 MHz 


° On Chip Mixer for Dual 
Conversion 


е Low Power Dissipation 
Standby, 50 pW 
Operating, 60 mW 


е Low Cost Plastic Surface 
Mount Package 


Applications 
е Digital Cellular Radio 
о КЕ Data Links 


e Vector Generators 


“al OX 
1 / N 
(+)LO-1 = 0° i | 
(-)LO-1 = 0° 


i2 | | 
ві > 
(+)LO-1 = 90° == 


(-)LO-1 = 90° 


ALS 


З, 15, 16, 18. VowitcH 
GND 


Functional Block Diagram 


Description 


The HPMX-2002 is a silicon 
monolithic, dual conversion, 
quadrature modulator in a 
plastic surface mount SO-20 
package. It has typical LO-1 
operating frequency range of 
40-300 and LO-2 of 250-2,000 
MHz, and typical I/Q | 
bandwidth of >10 MHz. 


The LO inputs are self biased 
and have 50 Ohm termination 
impedances. The RF output 
has a -11 dBm output power 
level. The HPMX-2002 also 
features a standby mode in 
which the device consumes only 
11 uA of current. 
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HEWLETT 
Ur PACKARD 
HPMX-2002 


The device is manufactured 


using Hewlett-Packard's 


13 GHz Ft, 25 GHz Fmax silicon 
bipolar integrated circuit 


process. 


Plastic SO-20 Package . 











GND [L Il 3 


19 [Г] (-)RF OUT 
ГІ) GND 

17 [Li] (-)LO-2 

16 |] GND 

15 Ш GND 

14 [I] МС 

13 ГП (-)LO-1 = 90° 


12 [1] (-)LO-1 = 0° 


(TOP VIEW) 


Pin Configuration 


Absolute Maximum Ratings, TAS 25°C* 
Symbol Parameter | Units Max. 


EN VQ | 19 Input Voltage 





m Ора ation in excess tofu any one of hess мада тау нине іп permanent "e to this е 
Care should Бе taken to prevent Electro Static Discharge (ESD) that could permanently damage 
the device. Class I device. 


Notes: 
1. A 8jq of 200°C/W should be used for derating and junction temperature calculations: 


T; = (Рах Bia) + ТА 


2. Maximum soldering temperature is 260?C for 5 seconds. 


RE Electrical Parameters, ТА = 25° С, Усе = = 5У 


RF Output Power at 800 MHz 
i RF Output Power Flatness, 800 to 1,000 MHz 


Power Out at 1 dB Compression (1/5) Voltage Swept) 


N oise- Output Noise Floor m | _ | dBm/Hz ME 
Residual МО (800 MHz) 1 
Modulation product power | | 
levels in dB relative tothe Undesired Sideband (799.93 МН2/21 








Parameter/Test Condition: LO-1 = 14 dBm 
Е = 100 MHz, LO-2 = -3 dBm Е = 900 MHz, VQ = 70 kHz 
1 2V P-P (Differential), Zo = 50 Ohms, Test Circuit #2 











desired sideband with filter 2nd Harmonic (800 + 0.140 MHz)I3} 
at 1st carrier output 3rd Harmonic (800 + 0.210 MHz) 
5th Harmonic (800 + 0.350 MHz)3) 


.LO-2 Input SWR | 
. RF Output SWR (Operating) 


VQ Amplitude Imbalance (Derived from undesired 
sideband data) 


== 
пни 
-- 


I/Q Phase "v (Derived from mii ed 
| sideband data) 





Notes: 
1. Residual LO = (F102 - Еу о) 


2. Undesired Sideband = (F1 о - Бу - Ето) 
3. Nth Harmonic = (Ёү 99 - Еу) + (N * Ею) 
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Electrical Parameters, TA = 25°C, Усс = 5V 


Parameter/Test Condition: LO-1 = -14 dBm Е=100 MHz, 
LO-2 = -3 dBm F = 900 MHz, VQ = 70 kHz 1.2V Р-Р 
Zo = 50 Ohms, Test Circuit #1 (unless noted) 


Supply Current | | 


Standby Current, "An +3.0 V 








Symbol Units 


Max. 





I/Q Input Impedance (Internally Biased with High Impedance | Ohms | 
Source to = 2.3 Volts DC) ak 





LO-1 Operating Frequency Range 40 to 300 
LO-2 Operating Frequency Range MHz 250 to 2,000 
UQ Modulating Frequency Range MHz DC to 10 


2 
© 
on 








RF Output Fr equency Range | EE 
Ton Turn-on Time, within 0.5 dB Final Output Power 
(Test Circuit #4) 
Toff Turn-off Time, Output Power below Noise Floor 
(Test Circuit #4) 
Theory of Operation Double balanced mixers are The mixers and amplifiers use 
Figure 1 shows the simplified used to improve port isolation current sources that are con- 
block diagram of the HPMX- and reduce spurious signals at trolled by the standby circuit. 
2002. The device consists of 3 the output. All signal inputs When the standby circuit is ac- 
double balanced active “Gilbert (except Vswitch) are dif- tivated, the control line turns 
cell” mixers and two amplifier ferentially balanced and RF off the current sources for all 
stages. I and Q inputs are mixed Ports are matched to 50 Ohms. subcells. The remaining power 
with the LO-1 0° and LO-1 90° land Q inputs have high im- dissipation is due only to the 
signals respectively. These pedances to ensure that they standby circuit. 


signals are then amplified, level can be driven from high im- 
shifted, up-converted, and fed to | pedance sources. All of the SIg- 


the output through an amplifier nal inputs can be used either 
stage. | single endedly or differentially 


with proper terminations. 


(+)LO-1 = 90° © | LO-1/1, Q INPUT DIFFERENTIAL PAIRS 

(-)LO-1 = 90° С | о) Lg | LO-2INPUT BAS 
жү | O | | x | | | BAIS CIRCUIT 
lá | X | | (+) RF 
ӘС СӘ OUT 


| 
LI ve 
52 i Br 
(+)LO-1 = 0? | 
(-)LO-1 = 0° | 





Figure 1. HPMX-2002 Simplified Schematic | 


High Frequency 
Performance 


The dual conversion archi- 
tecture and the wideband na- 
ture of the Gilbert cell allows 
an excellent performance to 

2 GHz. The output stage gain 
has been kept low which gives 
wide bandwidth to allow this 
device to be used over a wide 
range of LO-2 frequencies. For 
equal input signals, harmonic 
suppression will generally im- 
prove at higher LO-2 fre- 
quencies. RF performance at 
1.9 GHz is similar to per- 
formance at 800 MHz but with 
reduced output power. 


V сс= 5V 


(+)LO-1=0° 
INPUT 


anur >—|{(—o—1 @ 


T 0.1 uF 6 | 
VsWITCH L-— pw | 
(ON-GND) 7 | 
(ОЕР=+3.0\/) мс С i 
8 | 
2 | 
= 01нЕ ОЛ о | 

(+)LO-1=0° ( С 

INPUT 
10 | 
| INPUT 16034 
0.1 pF 


0.1 uF 
| ж, = 
wa С (ВЕ OUTPUT 


| 18 0.1 pF 

о GND 

| 17 — _ (-)LO-2 
INPUT 

| 16 0.1 pF 

| 

| GND 


HPMX - 2002 


(-)LO-1=90° 
INPUT 


Figure 2. HPMX-2002 Test Circuit #1, Broadband Operation 


RF OUTPUT 









Q INPUT 


110 


F 5 | 

0.1 uF 6 | 
НРМХ - 2002 

NC (O—34 

в | 

O.1uF о | 


>—|(O—1 





I INPUT 


0.1 pF — 
ANZAC TP103 
MINI-CIRCUITS 
FTB-1-6 
| 
19 
% 
| | 
18 
ae GND 
[17 O | — (-)LO-2 
| МРОТ 
| 16 0.1 pF 
| 
| 15 GND 
| 14 
ps N/C 
0.1u 
en (-)LO-1=90° 
INPUT 


MINI-CIRCUITS FTB-1-6 


Figure 3. HPMX-2002 Test Circuit #2, Differential Operation 
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10K Q* — ишт эша тшн шеш жәе Q МРОТ 
PIA DOPSK ААҚ sacar | pE sees] 4 акыл | @ | +DC BIAS 
10K Q* +DCBIAS 1 | Í 20 
50 


**DC BIAS 
Q 2] _ 119 (-)RF 
Гг” wm Pope i o OUTPUT 






















= 0.1 pF 3 0.1 uF 
—QOo-— LA )——] GND 
GND — | | 
Г — o š | 7 _(—Lo-2 
*TOLERANCE +0.1%, RATIO +0.02% 8 | INPUT ` 
"DC BIAS IS OBTAINED FROM EMT RA d 2 

MEASURING INTERNAL ИО ВАЗ СС T i 

VOLTAGE. TYPICAL INTERNAL | 6 GND 

VQ BIAS VOLTAGE IS 42.3 VOLTS. és HPMX - 2002 

A1-A4, TEXAS INSTRUMENTS VswiTCH 7 | 

TL-084 BIFET QUAD (ON=GND) = N/C o~~ 

OPERATIONAL AMPLIFIER 0.1 pF š 

( о (-)LO-1=90° 
HP-11846A 27 И-ИИ INPUT 
Р/4 ООРЗК | (10-41-0920 9 
Q GENERATOR| ` | INPUT > pet £ o- Гере й 
| | 91! 0.1 рЕ = 
А e 
| |. 4(KK Q I INPUT + DC BIAS 1 Е ет 
+ ОС ВІАЅ 
L END иш пз G шп иш ни J 
р/4 ООРЗК __ 10K 0" | 
| INPUT 
10K Q* 
“РС BIAS 
ок а: 
Figure 4. HPMX-2002 Test Circuit #3, Spectral Mask. 
| MINI-CIRCUITS 
Усмлтсн CHARACTERISTIC, Тд=25°С Q INPUT FTB-1-6 
x UN 
Ж je 7 нү 
CL. | 
2% езе (Cot ом, 
© | FILTER 
m = 330pF 3 lio 
(t NOISE 0—4 НО омо 
омо 


FLOOR 0 025 05 075 


B 4 | [17 bd 
V C——— (-)LO-2 
ый Шын ГО INPUT 





НРМХ - 2002 | 16 330 pF 
| L_» OSCILLOSCOF 
15 SPECTRUM 

' = ono ANALYZER 

3 VOLTS T VQ = 70 kHz, 1.2 VP-P 

N/C LO 1 = 100 MHz, -14 dBm 

| 330 рЕ LO 2 = 900 MHz, -3 dBm 
| 13 С) ( < (-)LO-1=90° 

0VOLTS — 330 pF | INPUT 

P (+ O-1-0* қ (o 
mi | INPUT 


NOTE: TURN-ON TIME IS DEGRADED BY 
LARGER AC COUPLING CAPACITORS. 


1 INPUT 





Figure 5. HPMX-2002 Test Circuit #4, Turn-On Time. 
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RF OUTPUT POWER (dBm) 





-18 
700 900 1,100 1,300 1,500 1,700 1,900 2,100 


Vec (VOLTS) LO-2 FREQUENCY (MHz) 


| 6. ical I . У я 
КЕ“ е Figure 7. Typical RF Output 
Frequency Response; LO-1 = -14 dBm 
at 100 MHz: LO-2 = -3dBm: 1/9 = 70 kHz, 


1.2 V P-P; Test Circuit #1 


RF OUTPUT POWER (dBm) 
RF OUTPUT POWER (dBm) 





-30 -20 
LO-1 POWER (dBm) 


Figure 10. Typical Output Power at 


-40 -10 0 


TEMPERATURE ('C) 


Figure 9. Typical Output Power at 
800.07 MHz vs. Temperature; LO-1 - 
-28 dBm at 100 MHz; LO-2 = -3dBm 
at 900 MHz; IQ = 70 kHz, 1.2 У Р-Р; 
Test Circuit #2 | 


MHz; LO-2 = -3dBm at 900 MHz; 


Е -15 ШЕ 
ю 
= Li 
c 
ы Š 
О .20 pm — 
EIU 
> 
а. ПР м 
= a 
u. -25 
i | 

= Nr ui 

-30 ШЕШЕ -110 


0.9 1.0 


VQ VOLTAGE (P-P) 


Figure 12. Typical Output Power vs. 
I/Q Voltage vs. LO-1 Power; LO-1 at 
100 MHz; LO-2 = -3dBm at 900 MHz; 
Test Circuit #2 
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800.07 MHz vs. LO-1 Power; LO-1 = 100 





RF OUTPUT POWER (dBm) 





15 5 25 
TEMPERATURE (°С) 


^55 -35 


Figure 8. Typical Output Power at 
800.07 MHz vs. Temperature; _ 
LO-1 = -14 dBm at 100 MHz; LO-2 = -3dBn 
at 900 MHz; I/Q = 70 kHz, 1.2 V P-P; 
Test Circuit #2 

-9 - 


RF OUTPUT POWER (dBm) 





-15 . -10 
LO-2 POWER (dBm) 

Figure 11. Typical Output Power at 
800.07 MHz vs. LO-2 Power; LO-1 = -14 
dBm at 100 MHz; LO-2 = 900 MHz; 


I/Q = 70 kHz, 1.2 V Р-Р; Test Circuit #2 ИО = 70 kHz, 1.2 У Р-Р; Test Circuit #2 


+219 HARMONIC 
| | i 
*3rd HARMONIC 


800.0 
FREQUENCY (MHz) 


800.4 


Figure 13. Typical Output Frequency Spectrum, 
LO-1 = -14 dBm at 100 MHz; LO-2 = -3dBm at 
900 MHz; ГО = 70 kHz, 1.2 V Р-Р; Test Circuit #1 


+2nd HARMONIC 


ЕЕ HARMONIG: | 3d HARMONIG: HARMONIC 


RF OUTPUT POWER (dBm) 
RF OUTPUT POWER (dBm) 








MM ШШЩ 


SSC 
|] or: 


NS 


= 
Ж 
Ж 
№ 
Е 
= 
ғ 
A 
E 
EX 


<= 
LO-1 =-25 dBm 


18996 1,900.0 1900.4 1799.875 800.0 800.125 
| FREQUENCY (MHz) FREQUENCY (MHz) 
Figure 14. Typical Output Frequency Spectrum, Figure 15. Typical Output Spectral 
LO-1 = -14 dBm at 100 MHz; LO-2 = -3dBm at Mask vs. LO-1 Power; LO-1 = 100 MHz; 
2,000 MHz; ПО = 70 kHz, 1.2 V Р-Р; Test Circuit #1 LO-2 = -3dBm at 900 MHz; ПО = 1.2 Volts 


Р-Р; 7/4 DQPSK, PRBS = 20; Symbol 


Clock 


RESIDUAL LO 


RF OUTPUT POWER (dBm) 
SUPPRESSION (dBc) 


тап 
SIDEBAND 





-120 
1,898.875 1,900.0 1,900.125 
FREQUENCY (MHz) Lo. 1 POWER (dBm) 





= 24.3 kHz; Test Circuit #3 


UNDESIRED SIDEB AND 


E 45th HARMONIC / 


LO-1 POWER (dBm) 


SUPPRESSION (dBc) 





І . Figure 17. Typical Residual LO and Figure 18. Typical Undesired 
E ide c P. ндн pees Undesired Sideband Suppression at Sideband, Residual LO, and Harmonic 
LO-2 = 3 dBm at 2,000 MHz; I/Q = 1.2 ” 800 MHz vs. LO-1 Power vs. 1/0) Voltage; Suppression at 800 MHz vs. LO-1 Power; 


LO-1 = 100 MHz; LO-2 = -3 dBm; at 
Volts Р-Р; 1/4 DQPSK, PRBS = 20; ; ; 
Symbol Clock = 24.3 kHz, 900 MHz, LO-2 = -3 dBm at 900 MHz, 


Test Circuit 43 ГО 2 70 kHz, Test Circuit #2 


-30 


40 E—— 


+3rd HARMONIC 
-2nd HARMONIC 


SUPPRESSION (dBc) 





30 
теренни (° a 
Figure 19. Typical Residual LO, Undesired Sideband and 
Harmonic Suppression at 800 MHz, LO-1 = -14 dBm 


at 100 MHz; LO-2 = -3 dBm at 900 MHz; ГО = 1.2 Volts Р-Р, 
1/4 DQPSE; PRBS = 20, Symbol Clock = 24.3 kHz; Test Circuit #3 
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LO-1 = 100 MHz; LO-2 s -3dBm at 
900 MHz, ГО = 70 kHz, 1.2 Volts Р-Р; 
Test Circuit #2 


800 MHz + 100 kHz 


— — ae 


| 
НН 800 MHz + 50 kHz 
кк... 
800 MHz + с kHz 


25 45 
poto. m C) 


Figure 20. Typical Spectral Mask IMD/ 
Noise Suppression vs. Temperature; 
LO-1 = -28 dBm at 100 MHz; LO-2 = -3 
dBm at 900 MHz; I/Q = 1.2 Volts Р.Р, 7/4 
DQPSK; PRBS = 20, Symbol Clock = 
24.3 kHz; Test Circuit #3 


SUPPRESSION (dBc) 








Package Dimensions 


Plastic SO-20 Package 
20 19 18 17 16 15 14 13 12 11 





DIMENSIONS 












| SYMBC 


































A 2.35 (0.093) | 2.65 (0.104) 
A1 0.10 (0.004) | 0.30 (0.012) 
В 0.35 (0.014) | 0.49 (0.019) 
H C 0.23 (0.009) | 0.31 (0.012) 
О 12.6 (0.496) 13.0 (0.512) 
Е 7.40 (0.291) | 7.60 (0.299) 
е 1.27 В$С (0.050) 
H 10.26 (0.404) | 10.65 (0.419) 
h 0.50 (0.020) | 0.75 (0.030) 
L 0.86 (0.034) 1.07 (0.042) 
" hx 45° -- Ө. Š 
| 23 | c MEETS JEDEC OUTLINE DIMENSIONS. 


DIMENSIONS ARE IN MILLIMETERS (INCHES). 
Imo | + 
и ж Ж. — Lhe T | 


Device Orientation 


TOP VIEW 






SIDE VIEW 





\ 





CARRIER 
TAPE 





REEL TOLERANCE +0.10 
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Silicon Bipolar MMIC 
900 MHz Vector Modulator 





Technical Data 


Features | Plastic S0-16 Package 

e 800 - 1000 MHz Output | 
Frequency Hange 

e +6 dBm Peak Output 
Power 

e Single Ended 50 О Output 

e Internal 90? Phase Shifter 

e 5 Volt, 36 mA Bias 

e SO-16 Surface Mount 


Package 

Applications 

e Direct Modulator for 900 
MHz Cellular Telephone "cc Шы 
Handsets, Including GSM, оғои GROUND 
JDC, and NADC GROUND GROUND 

e Direct Modulator for 900 аа 2 
MHz ISM Band Spread- I 
Spectrum Transmitters ені тоа 
and LANs LO in GROUND 


LO. gnd 


Functional Block Diagram 


DO NOT CONNECT 


| _ref 


| - mod 
(SINGLE-ENDED) 


LO_in/LO_gnd 
(SINGLE-ENDED 
OR DIFFERENTIAL) | B 
: OUTPUT ; os 
AMPLIEIER | (SINGLE-ENDED) 
Q -mod 


(SINGLE-ENDED) 
QUADRA-PHASE MIXER 





U HEWLETT 


PACKARD 





HPMX-2003 


Description 
Hewlett-Packard's HPMX-2003 
is a Silicon RFIC direct conver- 
sion vector modulator designed 
for use at output frequencies 
between 800 MHz and 1 GHz. 
Housed in an SO-16 surface 
mount plastic package, the IC 
contains two matched Gilbert 
cell mixers, an RC phase shifter, 
a summer, and an output 
amplifier complete with 50 Q 
impedance match and DC block. 


The internal impedance match | 
on the output pin (RF. out) 
results in high levels of linear 


. output power and eliminates 


the need for output matching 
circuitry such as transformers 
or baluns -only а 50 Q charac- 
teristic impedance transmission 
line is needed for interfacing to 
the load. This pin is configured 


for single-ended (unbalanced) 


use. 


For drive from a single-ended 
LO, the LO іп pin is AC coupled 
to a -12 dBm source using 50 Q 
transmission line, with the 

LO. gnd pin AC bypassed to 
ground. Alternatively, a differ- 
ential (balanced) signal may be 
AC coupled across the LO in 
and LO рта pins. 








А DC reference voltage, typical- 
ly 2.5 V + 0.5 V, must be applied 
to both the in-phase (I) and 
Quadra-Phase (Q) reference 
pins, Vi ref and Уо тег. These two 
pins may be shorted together for 
drive from a single reference 
source. The Vy moa and Уо mod 
pins should be DC coupled to 
single-ended voltage inputs 
supplying the I and Q data. For 
the HPMX-2003 the I and Q 
data should swing +1.25 V about 
the reference voltage. 


Device power is provided by - 
three Усс pins. Two pins (Усс) 


are directly coupled to the Усс 
supply (5 V) with appropriate 
AC bypassing near the pins 
(1000 pF typ.). The third (Усс Г) 
can be used with an optional 
external small inductor (1-2 nH) 
from the pin to the bypass point 
that will optimize the output 
matching at frequencies closer 
to 800 MHz. 


This device is well suited for use 
in direct modulated portable 
and mobile telephone handsets 
for cellular systems such as 
GSM, North American Digital 
Cellular, and Japan Digital | 


НРМХ-2003 Absolute Maximum Ratings, T, = 25°С* 










ЕЕС 
ог Ус moa about Vo rer Vp-p 


*Operation of this device above any one of these parameters may cause permanent 


damage. | 





‚ Thermal Resistance: HPMX-2003 Thermal 





Resistance? ©). 2125*C/W 


Notes: 


1. Tease = 25°С (Те. is defined to be the temperature at the ends of pin 3 where it 


contacts the circuit board). 
2. Derate at 8 mW/°C for Тс > 112°C. 






specifications are subject to change. 


At the time this catalog was printed, this product was not yet released for sale. 
Please contact the local HP Field Sales Office for more information. All 
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Cellular. It can also be used in 


digital transmitters operating in 
the 900 MHz ISM (Industrial- | 
Scientific-Medical) band, 
including use in Local Area 
Networks (LANs). 


The HPMX-2003 is fabricated · 
with Hewlett-Packard’s 25 GHz 
ISOSAT-II process, which 
combines stepper lithography, 
ion-implantation, self-alignment 
techniques, and gold metalliza- 
tion to produce RFICs with 
superior performance, 
uniformity, and reliability. | 


HPMX-2003 Electrical Specifications, Ty = 25°С, 2, =500 ` m EE 
Усс = 5 V, LO = -12 dBm 9 900 MHz (single-ended input), І ref = Q ref = 2.5 V (unless otherwise noted). 


Symbol Units | Typical 
та тИ | — 
UewuovENUGom —[  _ 


Unwanted Sideband Signal Vi mod = WI ret +1.25 V sin(@,t) 
Ус moa = Vq тег +1.25 V cos(o,t) 


о, = 30 kHz 


Output Noise Floor _| Viumoa = Уч moa = 3.75 V dB 
Input Resistance (I. mod to | 
I ref ог Q mod to Q ref) 


А | RMS Amplitude Imbalance SQR(V?? + Vg?) = 1.25 УШ | 





1.5:1 
1.5:1 











- 


Noise | -134 —. 


10 k 


Z 


55 


0.15 
_ 1.95 


RMS Phase Imbalance SQR(V/2 + Vg?) = 1.25 ҮШІ 
Device Curent — | — 


deg 
mA 


Note: | 
]. Vi = Ур той - Vi теѓ апа Vo= Уо mod - Vq тег. 
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Silicon Bipolar Monolithic 
Dual Conversion Vector 
Modulator with Phase Shifter 





Technical Data 


НРМХ-2004 















Features С Plastic 50-16 Package НРМХ-2004 Pinout 
е On Board Active Digital 
Phase Shifter 
* I/Q Bandwidth » 10 MHz _ Qinput 1 —] 16 @ input 
e Wide Bandwidth: RF output « 2 [7] 15 RF output- 


1st LO, 40-240 MHz 
2nd LO, 250-2250 MHz 
RF Output, 250-2000 MHz 
° On Chip Mixer for Dual 
Conversion 
е Low Power Dissipation: 
Standby, 120 W 
Operating, 150 mW 
е Low Cost Plastic Surface 
Mount Package 


LO2+ 3 114 LO2-input 


Усс 4 [ ] 13 GROUND 
FILTER « 5 __] 12 FILTER 
Vow 6 _ ] 11 GROUND 


linput 7 110 lt input 





LO1 + input 8 J 9 LO1-input 


Applications 
е Digital Cellular and 
Cordless Telephones such Functional Block Diagram 
as NADC, JDC, GSM, PCN, 
and PHP 
e Wireless LANs 
e КЕ Data Links T N / Um 
° Vector Generators | Ç t1 


Description | w RF output 
The HPMX-2004 is a silicon Ld ES sm ous ф 4 mo №. - 
monolithic, dual conversion, са 

quadrature modulator іп a | 

plastic, surface mount SO- 16 
package. 


O o| 


S 





The dual conversion architec- 
ture and wide band nature of 
the Gilbert cells allows 
operation over a broad range of 
frequencies with little change in 
performance. À low gain output 
stage is used to achieve a wide 
bandwidth with 50 Q match. 


All signal inputs and outputs 
except Vsw are differentially 
balanced with RF ports matched 
to 50 О, and can be used 
balanced or unbalanced in any 


combination. Double balanced 
mixers are used to improve port 
to port isolation and reduce 
harmonic content in the output 
signal. 


I and Q inputs are internally 
biased and have high input 


impedances to allow them to be ` 


driven from high impedance 
sources. either AC or DC 
coupled. u 


All on-chip circuitry is biased Бу. 
а set of current sources con- 


HPMX-2004 Absolute Maximum Ratings, T, = 25°C* 


Symbol Parameter Units 2004 


Device Voltage, Tease = 25°C 


m. 





Ambient Operating Temperature -55 to +85 
Storage Temperature -55 to +150 


*Operation in excess of any one of these conditions may result in permanent damage 
to this device. Care should be taken to prevent electrostatic discharge (ESD) that 
could permanently damage the device. This device has a Class 1 ESD rating. 





Notes: | 


Thermal Resistance: HPMX-2004 Thermal Resistance, 
Junction to Ambient, Ө; = 160°C/W | 








1. Junction temperature can be determined by T; = (Pq X Ө) + бы 
2. Maximum soldering temperature is 260°C for 5 seconds. | 






specifications are subject to change. 


At the time this catalog was printed, this product was not yet released for sale. 
Please contact the local HP Field Sales Office for more information. 
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trolled by the standby circuit. 
When activated, the standby 
circuit turns all the current 
sources off, reducing current 
drain to only 25 uA, the current 
required by the standby circuit 
alone. m 


This device is manufactured 
using Hewlett-Packard's 13 
GHz fr, 25 GHz fu AX silicon 
bipolar integrated circuit 
process. 





Electrical Parameters, Т, = 25°С, Усс = 5 V 





Parameters/Test Conditions: 1,01 2.7 dBm Q 100 MHz, 
LO2 = -3 dBm @ 900 MHz, 19 = 1.2 V -p 70 kHz, 
















Zo = 50 ©, Test Circuit #1 (unless otherwise noted) Typical | 
Lt de | Standby Current, V,, = 43.0 V | 













О 
ы 
3 
о 


I/Q Input Impedance | 
(Internally Biased with High Impedance Source to = 2.5 VDC) 


LO1 Operating Frequency Range 


í 10. 
Det 10 | 


290 to 2,000 


T 
"rj 





LO2 Operating Frequency Range 








I/Q Modulating Frequency Range 

RF Output Frequency Range 

Turn-On Time, фо + 0.5 dB of Final Output Power (Test Circuit #4) 
Turn-Off Time, to Output Power Below Noise Floor (Test Circuit #4) 





< 


гр 


оп 





"MEE 


off 





800 MHz RF Electrical Parameters, Т, = 25°С, Veo =5 У | 


Parameters/Test Conditions: LO1 s - 7 dBm Q 100 MHz, 
LO2 = -3 dBm @ 900 MHz, I/Q = 1.2V,., differential @ 70 kHz, 
Со = 50 О, Test Circuit #2 (unless otherwise noted) 


RF Output Power @ 800 MHz | dBm | 130 | 
RF Output Power Flatness, 800-1000 MHz | | dB 
| Рав Power Output at 1 dB Compression Point (I/Q voltage swept) | dBm | -125 | 


LO1 P;, | LO1 Power Input for Phase Shift of 90° + 3° 
Noise Output Noise Floor 






Symbol 


























Modulation Product Power Residual LO (800 MHz) 














Levels in dB Relative to Undesired Sideband (799.93 MHz) 
the Desired Sideband 2nd Harmonic (800 + 0.140 MHz) 
Using Filter at Зга Harmonic (800 + 0.210 MHz) 
1st Carrier Output 5th Harmonic (800 + 0.350 MHz) 
LO1 Input SWR 
LO2 Input SWR 








RF Output SWR (operating) 
LQ Amp. Imbalance (derived from undesired sideband data) 
LQ Phase Imbalance (derived from undesired sideband data) 


A; 











At the time this catalog was printed, this product was not yet released for sale. 
Please contact the local HP Field Sales Office for more information. All 
specifications are subject to change. 
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Silicon Bipolar MMIC 
100 MHz Vector Modulator 


Technical Data 


Features | | 

e 50 - 200 MHz Output. 
Frequency Range 

о -6 dBm Peak Output Power 

e Internal 90? Phase Shifter 

e 5 Volt, 15 mA Bias 


e SO-16 Surface Mount 
Package 


Applications 

• Modulator for Dual 
Conversion Telephone 
Handsets, Including JDC, 
NADC, and PCS. 


e Modulator for Dual 
Conversion ISM Band 
Spread-Spectrum 
Transmitters and LANs 

e Direct Modulator for 
Digital Transmitters in the 
50 - 200 MHz Frequency 
Range. 


Description 
Hewlett-Packard’s HPMX-2005 
is a Silicon RFIC Vector 
Modulator housed in an SO-16 
surface mount plastic package. 
This IC can be used as a direct 
modulator with an output in the 
frequency range of 50 to 200 
MHz, or, in combination with an 
up-converting mixer, as a dual 






specifications are subject to change. 


Plastic S0-16 Package 





HPMX-2005 


HEWLETT 
PACKARD 





GROUND 
GROUND 
Q ret 

Q тос 
LO In 


LO. gnd 


Functional Block Diagram 


| ref 


| -mod 
(SINGLE-ENDED) 


LO_in/LO_gnd 
(SINGLE-ENDED 


OR DIFFERENTIAL) 

. OUTPUT 
AMPLIFIER 
Q _mod 


(SINGLE-ENDED) 
QUADRA-PHASE MIXER 


Q -ref 





At the time this catalog was printed, this product was not yet released for sale. 
Please contact the local HP Field Sales Office for more information. All 
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Pin Configuration 


Vec 
RF_out 


GROUND 


GROUND 


1 ref 


1 mod 


GROUND 


||] DO NOT CONNECT 





' RF_out 


| 50 Q Zo 
* (SINGLE-ENDED) 


conversion modulator operating 
to higher frequencies. The IC 
contains two matched Gilbert 
cell mixers, an RC phase shifter, 
summer, and output amplifier. 


The output (RF. out) is capable 
of directly driving a 50 О load, 
and requires only a 50 Q charac- 
teristic impedance transmission 
line and DC blocking capacitor | 
for interfacing. Output configu- 
ration is for single-ended (un- 
balanced) use. 


For drive from a single-ended 
LO, the LO in pin is AC coupled 
to a -12 dBm source using 50 О 
transmission line, with the 

ГО рпа pin AC bypassed to 
ground. Alternatively, a differ- 
ential (balanced) signal may be 
AC coupled across the LO. in 
and LO. gnd pins. 


А DC reference voltage, / 
typically 2.5 У + 0.5 V, must be 
applied to both the in-phase (I) 
and quadra-phase (Q) reference 
pins, Vi yer ANd Уо re These 
two pins may be shorted 
together for drive from a single 
reference source. The Vy moa 
and Vo moa Pins should be DC 
coupled to single-ended voltage 
inputs supplying the I and Q 
data. For the HPMX-2005, the I 
and Q data should swing +0.75 
V about the reference voltage. 


Device power is provided by 
three Усс pins, all of which 
should be directly coupled to the 
Усс supply (5 V) with appropri- 
ate AC bypassing near the pins 
(1000 pF typ.). 


This device is well suited for use 
in dual conversion portable and 


HPMX-2005 Absolute Maximum Ratings, T, =25°С* 


Swing of Vi mog about Vj ref 
от Vo moa about Vo ref 





*Operation of this device above any one of these parameters may cause permanent 


damage. 


Thermal Resistance: HPMX-2005 Thermal Resistance!!! 


©; =125°C/W 


Notes: 


1. Tease = 25°C (Tage is defined to be the temperature at the ends of pin 3 where it 


contacts the circuit board). 
2. Derate at 8 mW/C for Тс > 112°C. 





specifications are subject to change. 


At the time this catalog was printed, this product was not yet released for sale. 
Please contact the local HP Field Sales Office for more information. All 
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mobile telephone handsets for 
cellular systems such as North 
American Digital Cellular, GSM, 
and Japan Digital Cellular or 
Personal Communications 
Systems applications such аѕ 
DCT-1800 and *handyphones". 
It can also be used in digital 


transmitters operating in the 


900 and 2.4 GHz ISM (Indus- 
trial-Scientific-Medical) bands, 
including use in Local Area 
Networks (LANs). 


The HPMX-2005 is fabricated 
with Hewlett-Packard's 25 GHz 
ISOSAT-II process, which 
combines stepper lithography, 
ion-implantation, self-alignment 
techniques, and gold 
metallization to produce RFICs 
with superior performance, 
uniformity, and reliability. 


HPMX-2005 Electrical Specifications, T, = 25°C, Z, = 50 Q 
Усс = 5 V, LO = -12 dBm 9 100 MHz, У, ref = Vo yer = 2.5 V (unless otherwise noted). 


bol Test Conditions — | Units 
Рай Output Power Vi mod = Уо mod = 3.25 V | 


Í 


5 


Б. 


dBm 


VSWR [OxweYEWRGOQ — НИ 
Павао 
ГО\еах LO Leakage at Output | 


| Unwanted Sideband Signal Vi mod = Vi yer +0.75 У sin(@,t) 
Ус mod = Уо ref +0.75 V cos(@,t) 
о, = 30 kHz 


Noise Output Noise Floor | Vi mod = Мо moa = 3.25 V dBm/Hz -132 
Input Resistance (I. mod to 10 k 

| I ref or © mod to 0) ref) 

A; RMS Amplitude Imbalance SQR(V?? + Vg?) = 0.75 УП: 


RMS Phase Imbalance SQR(Vg? + Vg?) = 0.75 VU! deg 
eomm — | _ 
Note: 


]. Vi = Vi mod - УТ ref and Vq= Vq mod - Vq ref: 


2.¢:1 
1.3:1 






т E 
NO 


At the time this catalog was printed, this product was not yet released for sale. 
Please contact the local HP Field Sales Office for more information. All 
specifications are subject to change. 
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Silicon Bipolar MMIC X 
900 MHz Driver Amplifier 





Technical Data 


Features Applications 

e MMIC Power Amplifier for • Driver for Cellular 
Cellular and Spread | Handsets, Including GSM, 
Spectrum Applications JDC, NADC, and AMPS 

е Frequency Range: . * Driver or Output Stage for 
150-960 MHz 900 MHz ISM Band 

* Output Power: Transmitters 
+22 dBm Typ. Р, ав . 

* Power Control Range: Plastic SO-8 Package 
50 dB Typ. 

° 5 V, 170 mA Operation 

e S-08 Surface Mount 
Package with Improved 
Heatsinking 





Pin Configuration 






GROUND AND 
THERMAL CONTACT 


| |5] | POWER CONTROL 


Functional Block Diagram 


(2 © Усс (1st AND 2nd STAGES) 








' RFout 
! AND 3rd STAGE 
: BIAS (OPEN 


RF in : : COLLECTOR) 


(4) 


(6) 





GROUND 


(1,3,7,8) (5) О POWER CONTROL 





At the time this catalog was printed, this product was not yet released for sale. 
| Please contact the local HP Field Sales Office for more information. 
specifications are subject to change. 
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PACKARD 
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 HPMX-3002 





Description | 
 Hewlett-Packard's HPMX-3002 


is a silicon microwave monolithic 
integrated circuit driver ampli- 
fier housed in a SO-8 surface 
mount plastic package. It is 


` designed for operation in the 


150 - 960 MHz frequency range, 
and is capable of producing +23 
dBm of output power, with 30 
dB of gain and a 50.dB power 
control range. The amplifier has 
a well-matched input, and an 
open collector output which 
provides good linearity and 


efficiency and is easy to exter- 


nally match to 50 © for optimal 
power output. = 


This device is well suitedasa | 


driver amplifier for low cost 
portable and mobile telephone 
systems such as AMPS, North 
American Digital Cellular, GSM 
(Global System for Mobile 
communications), Japan Digital 
Cellular, or as the output stage 
for other low cost applications 
such as 900 MHz ISM band 
spread-spectrum. 


The HPMX-3002 is fabricated 
with Hewlett-Packard's 25 GHz 
ISOSAT-II process, which 
combines stepper lithography, 
ion-implantation, self-alignment 
techniques, and gold metalliza- 
tion to produce RFICs with 
superior performance, uni- 
formity and reliability . 





1. Operation of this device above any one of these parameters may cause permanent 
damage. 

2. Tpin = 25°C (Tease is defined to be the temperature at the ends of pin 7 where it 
contacts the circuit board). 

3. Derate at 16.7 mW/°C for Tc > 110°C. 


HPMX-3002 Electrical Specifications, Т, (temperature of leads 7,8) = 35°С, Zo = 500 










| Power Control Range 
Small Signal Gain 
f 1= 900 MHz, f» = 901 MHz 


IP; | | Third Order Intercept Point | 
| | Pow tone = 12 dBm 
| Fifth Order Intercept Point | Ғі- 900 MHz, f o = 901 MHz 
| | P. /tone = 12 dBm 
Rh, | Input Return toss La | m | 
Усс 124.5 V, Vcc 2 =6 V 160 | 















At the time this catalog was printed, this product was not yet released for sale. 
Please contact the local HP Field Sales Office for more information. All 
specifications are subject to change. 
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Typical Amplifier 
Performance 

TA = 25°C, Zo = 50 Q 

Pj, = -6 dBm @ 900 MHz 
Усс1 = 4.5 V, Voce = 6 V, 
Veontrol = 2.2V 

Ionut = 155 mA nom. 

Output matched for max. 
Pout (unless otherwise noted) 


Рош (dBm) 





specifications are subject to change. 


At the time this catalog was printed, this product was not yet released for sale. 
Please contact the local HP Field Sales Office for more information. All 





FREQUENCY (GHz) 


Figure 1. HPMX-3002 Wideband 
Output Power and Efficiency vs. 
Frequency, Voci z 4.5 V and 
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EFFICIENCY (96) 





OUTPUT POWER (dBm) 





FREQUENCY (MHz) 


Figure 2. HPMX-3002 Output Power 
and Small Signal Gain vs. 
Frequency. 


GAIN (dB) 


[Jl РАскАРО 





Features 


e 8 dB RF-IF Conversion Gain From 0.05 to 5 GHz 
e IF Output From DC to 1 GHz with Gain 

e Low Power Dissipation: 60 mW at Усс = 5 V typ. 
e Single Polarity Bias Supply: Усс = 4 to 8 V 

e Load-insensitive Performance 

e Conversion Gain Flat Over Temperature 

e Low LO Power Requirements: -5 dBm typical 

e Low RF to IF Feedthrough, Low LO Leakage 


Description 


The IAM-81000 is a complete low power consumption, double 
balanced active mixer chip. It is designed for narrow or wide 
bandwidth commercial, industrial, and military applications. It 
has RF inputs to 5 GHz and IF outputs to 1 GHz with conversion 
gain or above 1 GHz with conversion loss. Low frequency 
operation is determined by values of the external capacitors 
used. IAM-81000 mixers are particularly well suited for appli- 
cations that require load insensitive conversion gain and good 
spurious signal suppression with minimum LO and bias power 
consumption. Typical applications include frequency down 
conversion, modulation, demodulation and frequency dou- 
bling, GPS satellite navigation, mobile radio, and battery 
powered communications receivers. 


The IAM series of Gilbert multiplier based mixers is fabricated 
using HP’s 10 GHz, fr, 25 GHz fmax ISOSAT™-I silicon 
bipolar process. This process uses nitride self alignment, 
submicrometer lithography, trench isolation, ion implantation, 
gold metallization and polyimide inter metal dielectric and 
scratch protection to achieve excellent performance, 
uniformity and reliability. 


Recommended die attach procedure is either conductive 
epoxy or eutectic die attach with gold preform at 400°C. Wedge 
or ball bonding using 0.7 mil goldwire may be used. 


Electrical Specifications?, ТА = 25°С 





























ІАМ-81000 

MagIC™ Silicon Bipolar MMIC 5 GHz 
Active Double Balanced Mixer/IF 
Amplifer Chip 







IAM-81000 Chip Outline 
li. ‘Amor ® | 
кр ЕЕ 








500 + 13 um 





19.7 = 0 


| Р 750 + 13 ут | | 
29.55 + 0.5 mil 


Electrical specifications and associated graphs provided in 
this data sheet are obtained by packaging and testing 1АМ- 
81000 dice in a 180 mil package with three internal 105 pF 
capacitors. 


Operating Frequency Range 


The lower frequency limit of the IAM-81000 mixer chip at which 
the RF and LO ports will work is set by the AC grounding 
provided to these ports external to the chip. MOS capacitors 
are used in packaged IAM mixers to provide these grounds; 
package dimensions limit the values of these capacitors from 
50 to 200 pF, which sets a lower frequency of operation for the 
RF and LO ports of approximately 50 MHz. The low frequency 
limit of operation for the IF is set solely by the value of the DC 
blocking capacitor and the lead impedance (50 Q) at this port. 
Low frequency cutoff can be decreased by using high value 
capacitors. 


Differential Use 
IAM-81000 can be driven in differential mode at the RF and/or 


isolation. 



































| Symbol | Parameters and Test Conditions: Vee = 5 V, Vee 20V, ZL = 50 Q | | Units ` | Min. | Typ. | Max. 
[ Gc —— | Conversion Gain —— RF-2GHzl0-175GHz | da | | 85 | 
— ВЕ Bandwidth (Gc 3 dB Down) IF = 250 MHz GHz | |451 | 
IF Bandwidth (Сс 3 dB Down) | LO-2GHz ` a Г GHz} | o6 | | 
| Рчав | IF Output Power at 1 dB Gain Compression F=2 GHz, LO =1.75 GHz [dm] | 6e | 2 
| Рз [| IF Output Third Order Intercept Point RF = 2 GHz, LO = 1.75 GHz {| dæm] J3 | | 
| NF |  SSB Noise Figure RF = 2 GHz, LO = 1.75 GHz в | |5| | 
| RF Port VSWR | f = 0.05 to 5 GHz | | die] —_ 

7 LO Port VSWR f = 0.05 to 5 GHz __ || ЕЗИ 
IF Port VSWR f< 1 GHz _ НЕСИН 

RF Feedthrough at IF Port RF - 2 GHz, LO-1.75 GHz | dBc | | -5| 
LO, ~ LO Leakage at RF Port ^. LO 2 1.75 GHz | dBm |  [|35]|] | 
loc | mA | 10 | 125 | 16. 


NOTES: 1. See Application Note, "AN-005: Transistor Chip Use" for additional information. 
2. The recommended operating voltage range for this device is 4 to 8 V. Typical performance as function of voltage is on the following page. 
3. Tested in a 180 mil package with three interal 150 pF capacitors. 
4. RF performance of the chip is determined by packaging and testing 10 devices per wafer. 
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ІАМ-81000 Silicon Bipolar MMIC 5 GHz 
Active Double Balanced Mixer/IF Amplifier Chip 


Absolute Maximum n Ratings | Part Number Ordering Information 


|. Part Number N | | | Devices Рег Тгау i | 


| IAM-81 000-GP2 Е 10 








Parameter 









Absolute Maximum! 














Device Voltage i 10 


IAM-81000-GP4 100 















Power Dissipation2. 3 300 mW IAM-81000-GP6 up to 300 
HF Input Power +14 dBm - : | M À—— 
LO Input Power +14 dBm = | зата 
Junction Temperature 200°С Bonding Diagrams 

-65 to 200°С 


LE i tain EN Single Ended Differential Drive 





Notes: 
1. Permanent damage may occur if any of these limits are 
exceeded. 


2. T mounting surface (Ттз) = 25°С 
З. Оегае at 40 mW/°C for Tms > 182°C 





Typical Performance, T4 = 25°C, Усс = 5 V 





| | МГЕ Сы 
RF: -20 dBm at 2 GHz, LO: -5 dBm at 1.75 GHz (backside of chips grounded). (single ended (backside of chips grounded) (single ended 
(Unless otherwise noted) Capaciators = 150 pF typ . Capaclators = 150 pF typ | 
Conversion Gain, IF Р, ав and [сс Current Conversion Gain, IF P, gp and сс Current . 
уз. Усс Bias Voltage vs. Case Temperature 
15 5 x | 30 15 5i 
ш 10 20 « 419 
о Е © 
© Š Š 
95 10 © 95 
0 0 0 
2 3 4 5 6 7 8 9 10 
Усс, V Temperature, °С 
Typical RF to IF Conversion Gain vs. 
RF Frequency T, = 25°C RF, LO and IF Port VSWR vs. RF to IF Conversion Gain vs. 
om Side LO) Frequency LO Power 


10 

























5 
Š II ШЕГИ 
? y 
бо at ANT 
СШ Ш „ЕНЕН 
4 Ц „СТТ УМ 
0.1 1.0 2.0 10 1.0 1.0 
ы NS GHz : Frequency, GHz LO Power, dBm 
RF Feedthrough Relative to IF Carrier, Harmonic intermodulation Suppression 
RF to IF Conversion Gain vs. dBm LO to RF and IF Leakage vs. (dB Below Desired Output) 
is IF Frequency i Frequency RF at 1 GHz, LO at 0.752 GHz, IF at 0.248 GHz 
O SS] = Г] ; 
ш ЕЕ du; 10 [ LO to RF — — [Г ГШЩ 5 
$ LH TN] i= Tn TA : 
° 2 HAMA ss. | | ИРАН > 
uei: MAN CALL LIEBE. MORD | 
aL tom Side to, = — ПП s. L LH, PE AM š 
0.01 0.1 10 2.0 0.1 2.0 





Frequency (RF-LO), GHz жы GHz | Harmonic RF Order 
Xmn = Pif-P(m*rf-n*lo) 
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ІАМ-81008 
МадіСТМ Silicon Bipolar MMIC 5 GHz 
Active Double Balanced Mixer/IF Amp 


Г] рдсклнр 





Features 


e RF-IF Conversion Gain From 0.05 - 5 GHz 

e IF Conversion Gain From DC to 1 GHz 

e Low Power Dissipation: 65 mW at Vcc = 5 V typ. 
e Single Polarity Bias Supply: Усс = 4 to 8 V 

e Load-insensitive Performance 

e Conversion Gain Flat Over Temperature 

e Low LO Power Requirements: -5 dBm typical 

e Low Cost Plastic Surface Mount Package 


Description 


The IAM-81008 is a complete low power-consumption double- 
balanced active mixer housed in a miniature low cost plastic 
surface mount package. It is designed for narrow or wide 
bandwidth commercial and industrial applications having RF 
inputs up to 5 GHz. Operation at RF and LO frequencies less 
than 50 MHz can be achieved using optional external capaci- 
tors to ground. The ІАМ-81008 is particularly well suited for 
applications that require load-insensitive conversion and good 
spurious signal suppression with minimum LO and bias power 
consumption. Typical applications include frequency down 
conversion, modulation, demodulation and phase detection. 
Markets include fiber-optics, GPS satellite navigation, mobile 
radio, and battery powered communications receivers. 


The IAM series of Gilbert multiplier-based frequency 
converters is fabricated using HP's 10 GHz, fr, 25 GHz fmax 
ISOSAT™-I silicon bipolar process. This process uses nitride 
self alignment, submicrometer lithography, trench isolation, 
ion implantation, gold metallization and polyimide inter-metal 
dielectric and scratch protection to achieve excellent 
performance, uniformity and reliability. 


Electrical Specifications!, Тл = 25°С 
Symbol 


il 
О 


"Conversion Gain _ | | 
RF Bandwidth (бс 3 dB Down) | 
_IF Bandwidth (бс 398 Down) || 
ЛЕ Output Power at 1 dB Gain Compression 
| IF Output Third Order Intercept Point | 
SSB Noise Figure _ ERN 
RF Port VSWR | 
LO Port VSWR 
IF Port | 
RF Feedthrough at IF Port | 
LO Leakage at IF Port — — 
LO Leakage at RF Pot _ ___ 

Supply Current m 


| faaBRF 
fad pl 


[Pi 
P 


B > 2 


о 


2. 
= 


VSWR 


| RE, | 
LO 


rf 


ji 


li 


CC 








Parameters and Test Conditions: Vcc = 5 V, Zo = 50 О, LO = -5 dBm, RF = 
BEEN "RF-2GHzlO-175GHz ` 
IF = 250 MHz ЕЕ | 
2GHz _ | 
С RF = 2 GHz, LO = 1.75 
— RF = 2 GHz, LO = 1.75 GHz | 
RF-2GHzL0-175GHz _ 
f- 0.05 to 3.5 GHz mm 
f=0.05t035GHz 
| f< 1 GHz | Bi 
| GHz, LO = 1.75 GHz 
LO -1.75GHz _ | 

















SO-8 Package 


4.98 (0.196) aa 
| * “4.80 (0.189) 


——— — 26 —À—: 


3.99 (0.157) | 5.82 (0.229) 
| “3.81 (0.150) , 161 


(0.215) 
bs MAX. 


0.48 (0.019) , 45 
0.28 (0.011) 







Е 197 064) | 
Y 
| tt 


| | | 8 DEG. MAX. | E 
1.27 (0.050) 0. А 
— oa 0.41 (0.016) 118.007 






1.27 0.178 (0.007) MIN 
0.244 (0.229) 


NOTE: 
DIMENSIONS ARE IN MILLIMETERS (INCHES). | I-— 5.461 (0.215) MAX 


08A: PLASTIC 50-8 


Typical RF to IF Conversion Gain vs. 
RF Frequency T4 = 25°С (Low Side LO) 


10 —I-LLLHILIL-— ЕО 
rwr | PW 
| IF=1GHz | N ||| 
-5 ӘБІШ ШИ!!! 
01 02 05 10 20 50 10 
RF Frequency, GHz 




































-20 dBm 











G) 
T 
| м 


FE 
iS | 
== | 









PAP 


NOTES: 1. The recommended operating voltage range for this device is 4 to 8 V. Typical performance as a function of voltage is on the following page. 





ІАМ-81008, Silicon Bipolar MMIC 5 GHz 
Active Double Balanced Mixer/IF Amp 


Absolute Maximum Ratings 


Absolute Maximum! 




























Device Voltage 10V 
Power Dissipation?. З 300 mW 
HF Input Power +14 dBm 
LO Input Power +14 dBm 
Junction Temperature 150?C 
Storage Temperature -65 to 150?C 


Notes: 


1. Permanent damage may occur if any of these limits are exceeded. | 
2. TcASE = 25°С. 
3. Derate at 4.4 mW/°C for T, > 82°C. 


Typical Performance, T4 = 25°C, Vcc = 5 V, 
RF: -20 dBm at 2 GHz, LO: -5 dBm at 1.75 GHz 


(Unless otherwise noted) 


Small Graph Guide 


Conversion Gain, IF P, 


and I... Current 
vs. Voc Bias Voltage ^ 


Наде 










m 10 Š o0 ае а 20 4 
° 2% || 5 
a ü — 4 10 18 
? -103 4 2 3 4 5 e 7 8 9 1 
Усс, V 
RF, 
VSW 





IF Frequency (RF-LO), GHz 


RF FeedThrough Relative to IF Carrier, 
dBm LO to RF an 
0 

















Frequency, GHz 





Frequency, GHz 


IF Leakage vs. Frequency 


а аот ОИ 
o9 49 b LO to IF | | 
Su LO to RF— — | | 
we LII | 
гє Г T ШШ ЕТМИШ 
ce SL | [Ir > ++ LI 
“а „| ТИ LI LL 

=r | 

1 2.0 0.3 0.40.5 10 2.0 3.04.05.0 10 


Typical Biasing Configuration 
_and Functional Block Diagram 


Optional Low 
Frequencies 
RF Ground 


>- 

ђе | | | | | 

15 Optional Low 
LO Ground 






LO input 


Note: No external baluns are required. 


Part Number Ordering Information 


IAM-81008-TR1 1000 
13" 


IAM-81008-TR2 4000 


For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 






Conversion Gain, IF P, ар and icc 
Current vs. Case Temperature 





co 
Oo 
o 
С 5 
0 
Temperature, °С 
LO and IF Port RF to IF Conversion 
R vs. Frequency Gain vs. LO Power 


Gc, dB 





LO Power, dBm 


Harmonic Intermodulation Suppression 
ЕР Below Desired Output 
RF at 1 GHz, LO at 0.752 GHz, IF at 0.248 GHz 


Harmonic LO Order 





Harmonic RF Order 
Xmn z Pif-P(m*rf-n*lo) 
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HEWLETT IAM-81018 
Ú) PACKARD Silicon Bipolar MMIC 5 GHz 


Active Double Balanced Mixer/IF Amp 








Features 180 mil Package 


e 8dB RF-IF Conversion Gain From 0.05 - 5 GHz 
° IF Output From DC to 1 GHz 
e Low Power Dissipation: 60 mW at Vcc = 5 V typ. 








e Single Polarity Bias Supply: Vcc z 4 to 8 V 
е Load-insensitive Performance 
e Conversion Gain Flat Over Temperature 
е Low LO Power Requirements: -5 dBm typical «— — —— -— Мах. ——>| 
e Low RF to IF Feedthrough, Low LO Leakage 0.220, 
e Hermetic Glass-Metal Surface Mount Package 5.59 М 
0.180 SQ Ma ни 
hi LEA SQ РРА 
Description + те” А 
The IAM-81018 is a complete low-power-consumption dou- ^ Ve АСС 
ble-balanced active mixer housed in a miniature glass-metal i шашы d^ 
hermetic surface mount package. It is designed for narrow or .. Notes: 
wide bandwidth commercial, industrial and military applica- (unless otherwise specified) 
tions having RF inputs up to 5 GHz and IF outputs from DC to t Dimensions are. — 
1 GHz. Operation at RF and LO frequencies less than 50 Е mn 
MHz can be achieved using optional external capacitors to in ХХХ = + 0.005 
ground. The IAM-81018 is particularly well suited for applica- mm .XX = + 0.13 


tions that require load-insensitive conversion gain and good 
spurious signal suppression with minimum LO and bias 
power consumption. Typical applications include frequency 


TYPICAL RF to p трона GAIN vs. RF FREQUENCY 
down conversion, modulation, demodulation and phase de- 






| 25°С (Low Side LO) 
tection for fiber-optic, GPS satellite navigation, mobile radio, 10 eh m 
and battery powered communications receivers. CETERI 
The IAM series of Gilbert multiplier-based frequency 5 | 





converters is fabricated using HP's 10 GHz, fr, 25 GHz fmax 
ISOSAT™-I silicon bipolar process. This process uses nitride | | 
self alignment, submicrometer lithography, trench isolation, о — 
ion implantation, gold metallization and polyimide inter-metal 
dielectric and scratch protection to achieve excellent 
performance, uniformity and reliability. -5 


| Ire 1 GHZ | 


Сс, dB 


0.1 02 05 10 a | | 10 
RF Frequency, GHz 


Electrical Specifications’, Ta = 25°C 


Parameters and Test Conditions: Veo = БМ V, Zo = 50 Q, LO = -5 dBm, RF = -20 dBm | units | Min. | тур. | Мах. | 
Conversion Gain _ BEEN _  RF22GHz, LO =1 75 GHz i Гав | то | 85 | 0. 
RFBandwidh(Gc3dBDown = = MHz Hie se 
— IF Bandwidth (Gc З dB Down) ` LO = 2 GHz [eu] [loe] | 
i IF Output Power at T dB Gain Compression _ 2. RF- 2 GHz, LO = | 75 GHz = | dBm {| | 6] 
IF Output Third Order Intercept Point — 22 RF22GHz LO = 1.75 GHz | | 
SSB Noise Figure | RF = 2 GHz, LO = 1.75 GHz 


| 
RF Pot УМА EN f20.05t05GHz  _ |l]. 

aM 

SM 


O 


з dBRF - 
із dBIF | 
Pi ав. 


VSWR LO Port VSWR | {=0.05105ОН2 

_1Е Port VSWR __ m f«1GHz | 
RF Feedthrough at IF Port | ú RF = 2 GHz, LO = 1.75 GHz _ | 
ГО Leakage а Е Port _ 7 LOs2175GHz — | am| 
LO Leakage at RF Port LO - 1.75 GHz 


Supply Current | mA | 


Note: 1. The recommended operating voltage range for this device is 4 to 8 V. Typical performance as a function of voltage is on the (Оюна p раде. 


RFit 
О 


О 
= 


= 


Н „М 
ол 
b 
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IAM-81018 Silicon Bipolar MMIC 5 GHz 
Active Double Balanced MixerAF Tp 


Absolute Maximum Ratings Lu | Typical Biasing Configuration 
| Absolute | | and Functional Block Diagram 
Maximum —— C block C block 





Parameter 


Device Voltage 10 V 

Power Dissipation?? | 300 mW 

HF Input Power | +14 dBm 

LO Input Power | | +14 dBm 

Junction Temperature . 200°G 

Storage Temperature | —65?C to 200°C | 


Thermal Resistance .4. 


Notes: 

1. Permanent damage may occur if any of these limits are exceeded. | 
2. [CASE = 25°С | 
3. Derate at 20 mW/°C for TC >185°C 

4 


See MEASUREMENTS section "Thermal Resistance" for more | Note: No external BALUNs are required. 
information. : 





Typical Бантинг, Tas = 25°C, Vcc = = 5 v 
RF: -20 dBm at 2 GHz, LO: -5 dBm at 1.75 GHz 


(unless otherwise noted) 








CONVERSION GAIN, IF Р; ав and сс CURRENT CONVERSION GAIN, IF P4 ав and icc CURRENT 
vs. Vcc BIAS VOLTAGE i5 vs. CASE TEMPERATURE 
m | Е 
Е Е 
а 10 m < m 10 a 
ы; Е Е Е g 
Ó © с Ó © 
° s c 2 9 sk a 
i u. 
0 0 
Temperature, °С 
RF to IF CONVERSION GAIN vs. ' IF FREQUENCY RF, LO and IF PORT VSWR vs. FREQUENCY RF to IF CONVERSION GAIN vs. LO POWER 
ШШЩ [25 "СЩ 
ЕТЕН PURUS 
| “К 5 at ul 
| EI оз еҥ КК (ТІЛІ T АЙ 


ГОРЕ АТАЛ 
р ГАРРИ ЗУМ 


| HIGH SIDE LO — mw 


LOW SIDE LO ==. 


01. 0.1 Ш NE 2.0 10 
IF Frequency (RF-LO), GHz M GHz LO Power, dBm 





HARMONIC | 
RF FEEDTHROUGH RELATIVE to IF CARRIER, "On 





dBm LO to RF and iF LEAKAGE vs. FREQUENCY RF at 1 GHz, LO at 0.752 GHz, IF at 0.248 GHz 

0 | ТІ | | | 
$ | | BENI š 
84719 LO to RF — — fT TTT Š 
зі НШІ ° 
ks | || “4 
ТН N | | 
u © +H Д. E 
4-30 ы 
3 ІШ ШЕ: ' 

3 i 
—40 
1.0 10 
Frequency, GHz Harmonic RF Order 


Xmn = Pif-P(m*rf-n*lo) 
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Mixer/IF Amp 
Technical Data 


Features 


e RF-IF Conversion Gain: 
15 dB from 0.05-5 GHz 


e IF Conversion Gain from 
DC to 2 GHz 

e IF Output Р, ав: +8 dBm 
Typical 

e Single Polarity Bias 
Supply: Усс = 7 to 13 V 

e Load Insensitive 
Performance 


e Conversion Gain Flat over 
Temperature 


Description 
Hewlett-Packard's IAM-82008 is 
a complete moderate-power 
double-balanced active mixer 
housed in a miniature low cost 
surface mount package. It is 
designed for narrow or wide 
bandwidth commercial and 
industrial applications having 
RF inputs up to 5 GHz. Opera- 
tion of RF and LO frequencies 
below 50 MHz can be achieved 
using optional external capaci- 
tors to ground. The IAM-82008 
is particularly well suited for 
applications that require load- 
insensitive conversion gain and 
good spurious signal suppres- 


LA Packar 





Silicon Bipolar MMIC 5 GHz 
Active Double Balanced 


IAM-82008 





Plastic SO-8 Package 


sion and moderate dynamic 
range with low LO power. 
Typical applications include 
frequency down-conversion, up- 
conversion, modulation, demod- 
ulation, and phase detection. 
Markets include fiber-optics, 
GPS satellite navigation, mobile 
radio, and communications 
transmitters and receivers. 





The IAM series of Gilbert 
multiplier-based frequency 
converters is fabricated using 
Hewlett Packard's 10 GHz fr 25 
GHz fmax ISOSAT™ -1 silicon 
bipolar process. This process 
uses nitride self-alignment, 
submicrometer lithography, 
trench isolation, ion implan- 
tation, gold metallization, and 
polyimide inter-metal dielectric 
and scratch protection to 
achieve excellent performance, 
uniformity and reliability. 


Functional Block Diagram 
and Pin Configuration 





Pin Description | 


1 IF Output 8 RF Ground (optional) 
2 Vae AC Ground 7 Усс 

3 V.o AC Ground Thermal Contact | 6 LO Ground (optional) | 
4 RF Input 5 LO Input 
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| Аа 
H Way Pi 
SO u А. V «№ 


Device Voltage | 
Total Device Dissipation!?! | 


HUN | 
RF Input Power 


Junction Temperature 





Storage Temperature 

g | mum EM px 02 05 10 20 50 10 
| Thermal Resistance | | 92 | RF FREQUENCY (GHz) 

| Junction to Case'?! | x 





1. Typical RF to IF 
(s s; Gain vs. RF Frequency, 
Notes: TA = 25*C, Low Side LO. 
1. Operation in excess of any one of these conditions may result in permanent 
damage to this device. 
2. Derate at 10.9 mW/*C for Трум 3 > 40°С. 
3. T; = 150°C. 


Electrical Specifications 
Усс = = 10 У, Zo = = 90 о, ГО =0 dBm, ВЕ = -20 dBm, Т, = = 25°C. 


| Units. 
dB 


| Minimum Maximum 









Parameter 
x Conversion Gain, RF = 2 GHz, 
| LO 2 1.75 GHz 


E ав КЕ | RF Bandwidth (Gc 3 dB down), 
iF-250MHz 02 

(ТЕ Bandwidth (Сс 3 dB down), 
LO - 2GHz _ 
Output Power at 1 dB Gain Compression, 
| RE =2 GHz, LO = 1.75 GHz | 
| Third Order Inpercept Point, 
_ | RF = 2 GHz, LO = 1.75 GHz 


ЕН 













| C3 | 
TIE; 
N ы | 
ке 
| On 
| | OY сл 9 
мА 


62 


e. р | 
5 E | 


H 








UJ 


1 
15: 
92.01 
2.5: 


Em 


р. 
| | 


dBm 


TN 
Q 


МР 


1 | 






1. The recommended operating voltage range for this device is 7 to 13 V. Typical performance as a function of voltage is shown on 
the following page. 
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Свіоск 1 
IF OUTPUT Мыш 


Veez0V ^ 
PIN 31S ALSO 
HEATSINK CONTACT = 


RF INPUT ©— 


BLOCK 


Notes: 

1. No external baluns are required. 

2. Good heatsinking required on Pin 3 
for specified performance. 








OPTIONAL LOW 20 
FREQUENCIES 
RF GROUND 


Vcc= 5 V 


OPTIONAL LOW 
— FREQUENCIES 
— LO GROUND 


о 
- | Э 10 
BLOCK LO INPUT © 


Figure 2. IAM-82008 Typical Biasing Configuration. 









20 







— LO = 2 GHz 


16 






HIGH SIDE LO = 
LOW SIDE 0 = = = 


II SIN 


.01 š 


Gc (dB) 






2.0 
IF MPH RF-LO (GHz) 


Figure 4. Typical RF to IF Conver- 
sion Gain vs. IF Frequency, Тл = 
25°C, Voc = 10 V, LO: 0 dBm at 

2 GHz. 


16 


Gc (dB) 


-10 -5 0 5 10 
LO POWER (dBm) 


Figure 7. Typical RF to IF Conver- 
sion Gain vs. LO Power, Тл = 25°С, 
Усс = 10 V, RF: -10 dBm at 2 GHz, 
LO: 0 dBm at 1.75 GHz. 


RF TO IF (dBc) 
LO TO RF AND IF (dBm) 


4:1 






3:1 


VSWR 





Bi: Milli 


1 1 


2:1 


1:1 
0. 


№. 
FREQUENCY (GHz) 


Figure 5. RF, LO, and IF Port VSWR 
vs. Frequency, Тл = 25°C, Усс = 10У. 


FREQUENCY (GHz) 


Figure 8. Typical RF Feedthrough 
Relative to IF Carrier, LO to RF and 
LO to IF Leakage vs. Frequency, T4 
= 25°C, Усс = 10 V, RF: -20 dBm at 

2 GHz, LO: 0 dBm at 1.75 GHz. 
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IF P 1dB, dBm 





100 










НІМ " 
КҮ 
ИТ . 
ПИ 


0 16 20 
Vcc (V) 


75 


10 50 


log (mA) 


Figure 3. Typical Conversion Gain, 
IF P, ав, and Icc Current vs. Усс 
Bias Voltage, T4 z 25?C, RF: -20 dBm 
at 2 GHz, LO: 0 dBm at 1.75 GHz. 


o 
IF P 1dB (dBm) 





TEMPERATURE (°С) 


Figure 6. Typical Conversion Gain, 
IF P, ав, and Сс Current vs. Case 
Temperature, Тл = 25?C, Усс = 10 V, 
ВЕ: -20 dBm at 2 GHz, LO: 0 dBm at 
1.75 GHz. 


HARMONIC LO ORDER 





HARMONIC RF ORDER 
Xmn = РИ - P(m*ríf-n'lo) 


Figure 9. Harmonic Intermodula- 
tion Suppression (dB Below Desired 
Output) RF at 1 GHz, LO at 0.752 
GHz, IF at 0.248 GHz. 


loc (mA) 





Part Number Ordering Information 


Part Number | Devices per Reel 
IAM-82008-TR1 1000 
IAM-82008-TR2 4000 


Package Dimensions 
SO-8 Plastic Package 
















4.80 (0.188) 
5.00 (0.197) 





3.80 (0.150) 5.80 (0.228) 
4.00 (0.158) 6.20 (0.244) 


PIN: 


1.35 (0.053 
175 (0:089) |... 4.60 (0.181 
5.20 (0.205) 
0.64 (0.025) 
0.10 (0.004) 0.77 (0.030) 
0.20 (0.008) 
d | | | е mu 035 (0.014 
1.27 (0.050) S 
TYP. 
0.15 (0.007) 
0.254 (0.010) 


DIMENSIONS IN MILLIMETERS AND (INCHES). 


For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 
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HEWLETT ІАМ-82018 
PACKARD Silicon Bipolar MMIC 5 GHz 


Active Double Balanced Mixer/IF Amp 


(2 








15 dB ВЕ-ІҒ Conversion Gain From 0.05 - 5 GHz 








ө 
e IF Output From DC to 2 GHz 
° IF Output Piae up to + 12 dBm 
e Single Polarity Bias Supply: Vcc = 7 to 13 V 
e Load-insensitive Performance 
е Conversion Gain Flat Over Temperature ass 
e Low LO Power Requirements: 0 dBm typical à 10.29 Мах. E 
e Low RF to IF Feedthrough, Low LO Leakage 0.220 Max. 
° Hermetic Glass-Metal Surface Mount Package idi 

| 0.180 З@мах 

у Г 4.57 SQ : 0.006 

Description 9.070 Max. лин, T 
The ІАМ-82018 is a complete moderate-power double-bal- E amu cs — 
anced active mixer housed in a miniature glass-metal her- Ves Renee 4 
metic surface mount package. It is designed for narrow or Notes: 
wide bandwidth commercial, industrial and military applica- (unless otherwise specified) 


tions having RF inputs up to 5 GHz and IF outputs from DC to 
2 GHz. Operation at RF and LO frequencies less than 50 


. . in 
1. Dimensions are —— 
mm 


MHz can be achieved using optional external capacitors to 2. : — iis 
ground. The IAM-82018 is particularly well suited for applica- mm XX - £0.13 


tions that require load-insensitive conversion gain and good 
spurious signal suppression and moderate dynamic range 
with minimum LO power. Typical applications include fre- 


quency downconversion, modulation, demodulation and TYPICAL RF to IF CONVERSION GAIN vs. RF FREQUENCY 
phase detection for fiber-optic, GPS satellite navigation, mo- ТА = 25°С (Low Side LO) 
bile radio, and communications receivers. 20 






The IAM series of Gilbert multiplier-based frequency con- 











verters is fabricated using HP's 10 GHz fr, 25 GHz fmax 13: m ES тен тн Ші =" wa — 
ISOSAT™-I silicon bipolar process which uses nitride self- o (X LEN | Гм] 
alignment, submicrometer lithography, trench isolation, ion © 10 à 


implantation, gold metallization and polyimide inter-metal di- 
electric and scratch protection to achieve excellent perform- 
ance, uniformity and reliability. 


N 
.1 0.2 0.5 1.0 2.0 5.0 10 


Electrical Specifications', TA = 25°С | | RF Frequency, GHz 



























| Symbol | Parameters and Test Conditions: Усс = 10 V, Zo = 500, LO = 0 dBm, RF = -20 dBm | Units | Min. | Тур. | Мах. | 
Conversion Gain ___ | dB | 135 | 15 | 165_ 
.. RF Bandwidth (Gc 3 dB Down) IF = 250 MHz |GHz| |55 | 
IF Bandwidth (Gc 3 dB Down) LO =2 GHz ен: | [loe] | 
IF Output Power @ 1 dB Gain Compression RF-2GHzLO-175GHz | авт | | 8 | | 
БЕГЕН IF Output Third Order Intercept Point RF = 2 GHz, LO = 1.75 GHz авт |  ]| 18 | 00 
| NF |  SSB Noise Figure | RF=2GHz,LO=1.75GHz | æ | | 16]| | 

RF Port VSWR = 0.05105 GHz ` |] [151] | | 
LOPotVSWR . | f = 0.05 to 5 GHz J | bel 

IF Port VSWR | f«2GHz || 1] [easi] | 
_ RF Feedthrough at IF Port RF=2GHz,LO=1.75GHz | dBc |  |-3| ` 
x LOr | LO Leakage atIF Pot ен |фт)| | 2| | 
Tor] iotexawaRFPot loriso [жт |œ] - 
“To [Supply Curent |. |”)%9)5)6- 


Note: 1. The recommended operating voltage range for this device is 7 to 13 V. Typical performance as a function of voltage is on the following page. 
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IAM-82018 Silicon Bipolar MMIC 5 GHz 
Active Double Balanced Mixer/IF Amp 























Absolute Maximum Ratings Б Typical Biasing Configuration 
Abaalüts and Functional Block Diagram 
Parameter Maximum! 
Device Voltage 15V 9ч Т 
Power Dissipation?’ 1200 mW | | | 
RF Input Power +14 dBm 
LO Input Power +14 dBm == Nec = 10 V 
Junction Temperature 200°C | в 
Storage Temperature —65°С to 200°С 9 — | | 
Aci ; о | | _ Optional 
Thermal Resistance?*: Өс = 45 СМ LO Input 


Notes: | 
1. Permanent damage may occur if any of these limits are exceeded. 


2. TCASE = 25°С 
3. Derate at 22.2 mW/°C for TC >146°C 
4 


See MEASUREMENTS section “Thermal Resistance” for more Note: No external BALUNs are required. 
information. 





Typical Performance, TA = 25°С, Vccz 10 V 
RF: -20 dBm at 2 GHz, LO: 0 dBm at 1.75 GHz 


(unless otherwise noted) 


CONVERSION GAIN, IF P4 ав and icc CURRENT - . CONVERSION GAIN, IF Ру ав and icc CURRENT 
vs. Vcc BIAS VOLTAGE 


vs. CASE TEMPERATURE | 





20 
1 
15 ' S 5 
© t 9 à 
ó 10 = о 10 б 
9 8 9 d 
5 7 Б М. 
0 0 | 0 0 
0 2 4 6 8 10 12 14 16 18 20 
Vec, V Temperature, °C 
RF to IF CONVERSION GAIN vs. IF FREQUENCY RF, LO and IF PORT VSWR vs. FREQUENCY RF to IF CONVERSION GAIN vs. LO POWER 

















15 mk LT JH RR 11 
s LIL TTS Е ГНА 
5 Lo =4 Ghz | PAN == —rv V 






- ӘБІШ АЧИН! 


РА] DI 






HIGH SIDE LO чи 







ТАП 
ке ПИЧ 


1 
.01 0.1 1.0 2.0 4.0 0.1 1.0 | 10 | 
IF Frequency (RF-LO), GHz Frequency, GHz . LO Power, dBm 





HARMONIC INTERMODULATION SUPRESSION 





RF FEEDTHROUGH RELATIVE to IF CARRIER, (dB BELOW DESIRED OUTPUT) | 
0 dBm LO to RF and IF LEAKAGE vs. FREQUENCY RF at 1 GHz, LO at 0.752 GHz, IF at 0.248 GHz 
0 | | 
Š š 
Q 9 -10 he 
өш о 
9 о 
ue i 2 
= (5-20 E 2 
2 и. B T £ 
€ $ -30 n ААА Е 
@ 
з L Ll ST V. : 
0.1 1.0 
Frequency, GHz | | Harmonic RF Order 


Xmn z Pif-P(m*rf-n*lo) 
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[Г] аскаво 









Silicon Bipolar MMIC 
3.5 and 5.5 GHz Divide-by-4 
Static Prescalers 


Technical Data 


IFD-53010 
IFD-53110 
Features 100 mil Stripline Description 
ө Wide Operating Frequency Package Hewlett-Packard's IFD-53010 
Range: and IFD-53110 are low phase 
IFD-53010: 0.15 to 5.5 GHz | noise silicon bipolar static 
IFD-53110: 0.15 to 3.5 GHz digital frequency dividers using 
e Low Phase Noise: two scaled Emitter-Coupled- 
-143 dBc/Hz @ 1 kHz Offset | Logic (ECL) master-slave D flip- 
° Output Power: -5 dBm typ. flops and buffer amplifiers. 


They are housed in hermetic 
high reliability surface mount 


Pin Configuration packages suitable for commer- 
| | cial, industrial, and military 


e Single Supply Voltage 
V. = 5 Vor Vee = -5 V 
• On-Chip Terminations 


Provide Good Input and anoi cati : : 
| pplications. Typical applica- 
Output Мен | 3| | "ee tions include stabilized or 
° Hermetic Gold-Ceramic digitally controlled local oscil- 
Surface Mount Package lators for GPS, SATCOM or 







Қ military receivers, and 

«(|= frequency synthesizers and 

RF INPUT > RF OUTPUT counters in instrumentation 
systems. The IFD-53110 1s a 
lower cost selected version of 
the IFD-53010, and is 

"ec distinguished by a reduced 

operating frequency range. 





The IFD series of frequency 
Е dividers is fabricated using 

3 Hewlett-Packard's 18 GHz, Ё, 
ISOSAT™ -2 silicon bipolar 
process which uses nitride self- 
alignment, submicrometer 
lithography, trench isolation, 
ion-implantation, gold metalli- 
zation and polyimide intermetal 
dielectric and scratch protection 
И ae ete ei pate et ee enna ee ee j to achieve excellent device 
uniformity, performance, and 
reliability. 





RF INPUT RF OUTPUT 
® 
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Absolute Maximum Ratings 


ЕЧЕИ | v | в | 


Т, Junction Temperature °C o | 


Thermal Кевізбапсе 2; Ө, = 107°C/W 


Notes: 

1, Operation of this device above any one of these parameters may cause permanent damage. 
2. I uso 7 2D €. 

3. Derate at 9.3 mW/°C for Тс > 130°C. 


Guaranteed Electrical Specifications, IFD-53010 and IFD-53110. 
Т, = 25°C, Zo = 50 Q, Ver - Vee = 5.0 V 






Symbol | ` 


IFD-53010: | 
Maximum Clock Frequency  P;, = -10 dBm (200 


IFD-53110: | 
Maximum Clock Frequency  P;, = -10 dBm (200 






< 


mom 
"ZEIT 





Icc 


Typical Design Information, T, = 25°C, Z, = 50 Q, V& - Vee = 5.0 V, Р. = -10 dBm. 


In 


All values apply to both IFD-53010 and IFD-53110. fies is 5 GHz for IFD-53010 and 3 GHz for IFD- 
53110 (unless otherwise noted). 


Parameters and Test Cond Value 
F win Minimum Clock Frequency!!! | w ws MHz 150 


VSWR | Input VSWR f = 0.15 to f... 0: 
Output VSWR | f= 0.15 to f... .5: 
PN SSB Phase Noise f= 3 GHz, 1 kHz offset | АВс/Н2 | -143 
| f= 5 GHz, 1 kHz offset (IFD-53010 only) i | 


T. | Output Rise Time, 20% - 80% О fef | pec | M5 > 


T; | Output Fall Time, 20% - 80% ЕЁ 
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Note: 
1. Minimum clock frequency when driven from a sinusoidal input. Operation to lower frequencies is possible when using input 
signals with faster rise times, such as occurs in the case of a cascade of two ог more IFDs. 
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Typical Performance, T, = 25°C, Zo = 50 Q, V, - Vee = 5.0 V 


Graphs apply to both IFD-53010 and IFD-53110 (unless otherwise noted). 


IFD-53010 & 
IFD-53110 


INPUT SENSITIVITY (dBm) 


FREQUENCY (GHz) 


Figure 1. Input Sensitivity vs. Input 


Frequency and Recommended 
Operating Ranges for Nominal 
Operating Conditions (T = 25°C , 
Vee - Vee = 5 V). 


log (mA) 


Усс -Vee (V) 


Figure 4. Device Current vs. Voltage 


and Temperature. 
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ШМГІГІГІПІГІШ 
МОМО (този ШҮ 
ШЕШШ 
ШЕТЮ ЫШ 
- LLL ШШ 


ШШШ 


1MHz 















-120 





























SSB PHASE NOISE (dBc/Hz) 





2 TO 4 GHz | 

(IFD-53010 & IFD-53110) 
| | | 

1 1kHz 

OFFSET FREQUENCY 





Figure 7. SSB Phase Noise vs. Offset 


Frequency, and Input Frequency. 
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IFD-53010 & 


IFD-53110 


INPUT SENSITIVITY (dBm) 





FREQUENCY (GHz) 


Figure 2. Input Sensitivity vs. Input 


Frequency and Recommended 
Operating Ranges for Worst Case 
Operating Conditions (-55°С « T < 
125°C and 4.5 V < Ve- Vee «5.5 V. 


ШИП! 


УА 


ШӨЛҮ! 
Ш 


ШОШ 
0 1 


00 1000 
FREQUENCY (MHz) 


Figure 5. Input and Output VSWR > 


vs. Frequency. 
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10000 


INPUT SENSITIVITY (dBm) 





0 1 2 3 4 5 6 7 
FREQUENCY (GHz) 


Figure 3. Input Sensitivity vs. Input 


Frequency and Temperature 
(Усс - Vee = 5 V). 
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. | 
10 100 1000 10000 
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Figure 6. Output Power Level vs. 
Input Frequency and Ус - Vees 








TIME (psec) 


Figure 8. IFD-53010 Typical Output Response with 5 GHz Input. 
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BLOCKING CAPACITORS ARE 1000 pF TYP. 
BYPASS CAPACITORS ARE 47 nF min. 


BLOCKING CAPACITORS MAY BE OMITTED 
IF GENERATOR AND LOAD ARE AT Vcc LEVEL. 


TRANSMISSION LINES ARE 50 0. 





CBL | _ [7 < 
oY fir 5 


F L F/4 
RF INPUT RF OUTPUT 
(50 Q) | (50 Q) 
vl SWINGS BETWEEN Vcc 
cc AND Voc -360 mV 
| PIN: (! 1 
=— Vonir = — 


Figure 9. Typical ECL Biasing Configuration, IFD-53010 and IFD-53110. | 


BLOCKING CAPACITORS ARE 1000 pF TYP. 


BYPASS CAPACITOR SHOULD BE 47 nF min. 
TO ENSURE GOOD SENSITIVITY PERFORMANCE. 


TRANSMISSION LINES ARE 50 Q. 





F | F/4 
RF INPU RF OUTPUT 
(50 2) (50 0) 


Свү 
— (47 nF min.) 


Figure 10. Typical RF Biasing Configuration, IFD-53010 and IFD-53110. 


LO OUTPUT 


vco > 
<р аш DETECTOR 
=—=}+<}-& 


STABLE REFERENCE 
Figure 11. Typical Stabilized LO Configuration, IFD-53010 and IFD-53110. 


| 
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TEST SYSTEM 
20-500 РІМ: 3 T 
УЕЕ= -5.0 V 
| | | 
e | 1068 ` ⁄ N ! | 1008 | 
LS — L| 2 
| | | 
| | | 
| ‚| Pour | 
t/4 | 
GENERATOR OUTPUT: 
FREQUENCY = f 1 
LEVEL = P in + 10 dB (INTO 50 Q LOAD) 
= Усс:0У 


Figure 12. Sensitivity Test Configuration, IFD-53010 and 10-53110. | 


Package Dimensions 
100 mil Stripline Package 


NOTES: (unless otherwise specified) 

1. DIMENSIONS ARE IN mm (INCHES) 

2. TOLERANCES: in .xxx = + .005 
mm .xx = t.13 





0.10 + 0.05 (0.030) 


= | 
pm А 12.57 +0.76 _ | m 
(0.495 + 0.030) 
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SPECTRUM 
ANALYZER 





ИТ HEWLETT INA-01100 
€») PACKARD Мадістм Low Noise, Cascadable 


Silicon Bipolar MMIC Amplifier 





Features Chip Outline! 


e Cascadable 50 О Gain Block 

e Low Noise Figure: 1.7 dB typical at 100 MHz 
e High Gain: 32.5 dB typical at 100 MHz 

e 3 dB Bandwidth: DC to 500 MHz 

e Unconditionally Stable (К>1) 


Description 


500 +13 um 


The INA-01100 is a low noise silicon bipolar Monolithic Micro- 19.7 +0.5 mil 


wave Integrated Circuit (MMIC) feedback amplifier chip. It is 
designed for narrow or wide bandwidth industrial and military 
applications that require high gain and low noise IF or RF 
amplification. 


The INA series of MMICs is fabricated using HP's 10 GHz |, 
25 GHz fmax, ISOSAT'TM.| silicon bipolar process which uses 
nitride self-alignment submicrometer lithography, trench 
isolation, ion implantation, gold metallization and polyimide P 375 +13 um қ 
intermetal dielectric and scratch protectionto achieve excellent 14.8 +0.5 mil 

performance, uniformity and reliability. 


2- 
3g 
>< > 
> 

© 
Ө 


25 





Chip thickness is 140 шт/5.5 mil Bond Pads аге 


The recommended assembly procedure is gold-eutectic die 41 шт/1.6 mil typical on each side. 
attach at 400°С and either wedge or ball bonding using 0.7 mil Note: Ground Bonding is Critical®. 
gold wire." 

Typical Gain and Noise Figure vs. Frequency4 Typical Biasing Configuration 


TA = 25°C, LI 
зэ T 







V 
3.0 cc 
RFC (Optional) 





G 
S 

IB 

p 
iL 
Li: 

ШЕГЕ 
P 
ом 

o e 
NF, dB — — - 


RF IN 





V,=5.5 V 
(Nominal) 






1. 
01 .02 .05 0.1 0.2 0.5 1.0 
Frequency, GHz 


Electrical Specifications? 4,T, = 25°C 


Бени 
_ Power Gain (IS!) 2 Юм |e 
| Gain Flatness Ш  fzi0to250MHz | æ 
[зав Bandwidth м 
| Reverse Isolation (6:02: — 1=10ю250мМН2_ | dB - 
ee 1 
ИЕ 
| dB 
dBm | 
| dBm- 
| psec | 


ІН 
9 


© 
л 


VSWR 
Output VSWR i: = 10 to 250 MHz 


50 Q Noise Figure f = 100 MHz 
T dB E Power at 1 dB Gain Compression f = 100 MHz 


avid mV^c 


See Application Note, “АМ-А005: Transistor Chip Use" for additional information. 
. The recommended operating current range for this device is 30 to 40 mA. Typical performance as a function of current is on the following page. 
. RF performance of the chip is determined by packaging and testing 10 devices per wafer. 
. The values are the achievable performance for the INA-01100 mounted in a 70 mil stripline package. 
. Refer to Application Bulletin, "AB-0007: INA Bonding Configuration". 


= 
N 
2 
o | 


+ 
sau, 
e 


б 
m 
@ 
№ = 


о + о 
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INA-01100 Low Noise, Cascadable 
Silicon Bipolar MMIC Amplifier 





Typical Performance, Тд = 25°C 


Unless otherwise noted: The values are the achievable performance 
for the INA-01100 mounted in a 70 mil stripline package. 


Absolute Maximum Ratings 


Device Current 50 тА 
Power Dissipation@: 3 400 mW 
RF Input Power +13 dBm 
Junction Temperature 200°С 







Device Current vs. Voltage 













Тиз = +125°С — — — 
40 Тыс = = +25°С 












_ | |. 
== 
"IL. 
| dL. 


Storage Temperature -65 to 200°С t 30 p 
Thermal Resistance?: 6;, = 60°C/W -$ 20 m 
Notes: 10 
1. Permanent damage may occur if any of these limits are exceeded. 0 RENT | 
2. Тмоммтімо SURFACE (Tms) = 25°С. “oO 14 2 8 


3. Derate at 16.7 mW/°C for Тм< > 176°C. 


n 


Output Power and 1 dB Gain Compression, 
NF and Power Gain vs. Case Temperature 
f = 0.1 GHz, l4 = 35 mA 


Power Gain vs. Current 


Gp, mA 


las mA 


NF, dB 





Ө == №№ wow w 
Onon о-імюо 





+25 +85 4125 
Temperature, °С 


br 
o 
кә 
сл 


la; mA 


Output Power at 1 dB Gain 


| ha vs. Frequency Noise Figure vs. Frequency 


P, dB» dBm 





0 
.02 .05 0.1 0.2 0.5 1.0 
Frequency, GHz 


Frequency, GHz 





Typical Scattering Parameters®: Zo = 500 TA = 25°C, Усс = 35 mA 


Freq. S11 S21 S12 S22 

MHz Mag Ang dB Mag . Ang dB Mag Ang Mag Ang k 
0.01 0.09 -16 32.7 43.4 -1 -38.5 .012 -1 .18 1 1.17 
0.05 0.10 ` -27 32.7 43.1 -10 -38.6 .012 15 .19 5 1.18 
0.10 0.11 -5 _ 32.4 41.9 -20 -38.4 .012 -8 .20 10 1.17 
0.20 0.14 -80 31.6 38.0 -37 -38.6 .012 4 .24 14 1.22 
0.30 0.18 -98 30.5 33.7 -52 -38.8 .011 -10 27 15 1.31 
0.40 0.20 -110 29.4 29.6 -65 -39.6 .011 2 .30 10 1.51 
0.50 0.22 -115 28.4 26.2 -75 -38.6 .012 -12 32 6 1.48 
0.60 0.24 -120 27.4 23.4 -84 -39.1 .011 -7 .З4 1 1.67 
0.80 0.27 -124 25.7 19.3 . -100 -38.3 .012 -6 .36 -11 1.76 
1.00 0.30 -127 | 24.3 16.3 _ -115 -36.1 .016 -5 .36 -22 1.58 
1500 0.44 165 21.8 12.37 -179 -33.6 .020 _ 42 .19 -69 1.75 
2000 0.44 154 17.9 7.88 146 -33.0 .022 42 .13 -106 2.42 
2500 ‘0.46 148 14.6 5.36 121 -30.6 .029 36 .12 -151 2.63 
3000 0.48 139 11.4 3.71 96 -30.0 .032 45 .10 159 3.31 
Note: 5. S-parameters аге de-embedded from 70 mil package measured data using the package model found in the DEVICE MODELS 


section of the Avantek Microwave Semiconductors databook 
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HEWLETT INA-01170 
PACKARD | | Low Noise, Cascadable | | 
Silicon Bipolar MMIC Amplifier 


Ф, 








Features | 70 mil Package 
e Cascadable 50 © Gain Block | 102 
e Low Noise Figure: 1.7 dB typical at 100 MHz 4 [-] GROUND 






e High Gain: 32.5 dB typical at 100 MHz 

e 3dB Bandwidth: DC to 500 MHz 

e Unconditionally Stable (k>1) 

e Hermetic Gold-Ceramic Surface Mount Package RF INPUT 


020 
508 ` 


Notes: 


(unless otherwise specified) 


1. Dimensions are mm 
2. Tolerances 


RF OUTPUT 
AND BIAS 






Description 


The INA-01170 is a low-noise silicon bipolar Monolithic Micro- 
wave Integrated Circuit (MMIC) feedback amplifier housed in a 
hermetic, high reliability package. It is designed for narrow or 





wide bandwidth industrial and military applications that require ü 2L|GROUND in .xxx= .005 
high gain and low noise IF or RF amplification. n mm .хх == .13 
The INA series of MMICs is fabricated using HP's 10 GHz fr, 004 + 002 

25 GHz fmax ISOSAT™-I silicon bipolar process which uses ni- 10 + 05 = 


tride self-alignment, submicrometer lithography, trench isola- | | £n _ | 


tion, ion implantation, gold metallization and polyimide inter- 


metal dielectric and scratch protection to achieve excellent per- T 1 
formance, uniformity and reliability. 495 + .030 035 
| 12.57 + .76 780 


TYPICAL GAIN AND NOISE FIGURE vs. FREQUENCY Typical Biasing Configuration 
TA = 25°С, 14= 35 mA | | 


ШЕН ШЕ НЕШЕ ЕНЕ 
ЕСІГІ | — | TTE 





RFC (Optional) 







Rpias (Required) 


Gp, dB mmm 
МЕ, АВ ------ 


C block 
| RF OUT 





Frequency, GHz 


Electrical Specifications’, TA = 25°C 


Parameters and Test Conditions: la = 35 mA, Zo = 50 О 





. Symbol 


35 
Г 50 | Reverse Isolation (Sia) T-1010 250 MRz | 


eres Output VSWR | - 10 to 250 MHz 


NF 50 Q Noise Figure | f = 100 MHz 

P1 dB Output Power at 1 dB Gain Compression f=100MHz ` 
IP3 | Third Order Intercept Point f = 100 MHz 
Vd | 





Group Delay _ | f = 100 MHz psec | 
Device Voltage | v 40 | 55 | 7.0 
dV/dT Device Voltage Temperature Coefficient d mc | [мо 


Notes: 1. The recommended operating current range for this device is 30 to 40 mA. Typical performance as a function of current is on the following page. 
2. Referenced from 10 MHz Gain (Gp). 


Units _ 
ев 
S dB __ 
N 
| dB — 
Input VSWR f210t0250MHz| 
as 
| B 
| dBm | 
| dBm _ 
| psec _ 
М 
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INA-01170 Low Noise, Cascadable 
_ Silicon E Bipolar MMIC Amplifier 





Absolute Maximum Ratings 


Parameter | Absolute | 
x Maximum! | 


Typical P Performance, Tas = 25°C 


(unless otherwise noted) 
























Device Current. 50 mA ааа VS NET Ecce e 
| Power Dissipation?3 400 mW | Tc = ЗЕ == <= x | 

RF Input Power +13 dBm | Тс = +25°С ease 

Junction Temperature 200°С | 

Storage Temperature —65°С to 200°С | 


lg, mA 





Notes: - x 
1. Permanent damage may occur if any of these limits are exceeded. į 
2. [CASE = 25°С : 
3. Derate at 7.1 mW/°C for Tc >144°С. 

4 


. See MEASUREMENTS section "Thermal Resistance" for more 
ар 





OUTPUT POWER AND 1 dB GAIN COMPRESSION, 
NF AND POWER GAIN vs. CASE TEMPERATURE 


_ f20.1 GHz, Ig = 35 mA 





m 
© 
а. 
o 
со 
© 
а. 
o 
(о 
© 
u" 
z 
Temperature, °С 
OUTPUT POWER at 1 dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
Б А 
© © 
= u 
m = 
а 





Frequency, GHz 


Ы - . EN Zi t : : : ИИ ыал албы у о и А у уе ая I ыргы д”. ус ОМА АИТ лу зы Oe ИО TE Oe ө у. С, AR К)! бани бу лү, 4 а ИЛЬ" е Сау, Т, НиТ ее RL Oe nS YK 
турса! Scattering Parameters: Zo = = 50 Q | = = 
3 








MHz Mag Ang dB Mag ` Ang dB Mag Ang Mag Ang ` k 
10 209 —20 32.8 43.65 —2 -38.4 .012 -5 17 -1 1.17 
50 .10 —39 328. 43.51 —9 —38.3 .012 17 .18 0 1.17 

100 .13 —65 32.6 42.82 —18 -38.3 012 —4 .18 1 1.17 

150 .17 —83 32.4 41.71 —26 —38.4 .012 17 .19 2 1.18 

200 .21 -96 32.1 40.41 -35 -38.6 012 12 119. 3 1.18 

250 .25 —107 31.8 38.93 -43 -39.0 011 26 .19 24 1.26 

300 .28 —115 31.5 37.38 —50 —39.0 011 3 .20 5 1.26 

400. 33 -130 30.7 34.19 -65 -39.3 011 21 21 3 1.31 

500. .37 —140 29.9 31.13 —78 —39.2 .011 11 .22 0 1.35 

600 40 —150 29.0 28.30 -90 -38.9 011 22 23 —5 1.43 

800 43 -164 27.4 23.48 -112 -38.5 012 30 .24 —19 1.52 

1000 44 -176 25.8 19.45 -132 -36.5 015 32 .23 -32 1.49. 

1500 44 165 21.8 12.37 —179 —33.6 .020 42 .19 —69 1.75 

2000 .44 154 17.9 7.88 146 -33.0 022 42 13 —106 2.42. 

2500 .46 148 14.6 5.36 121 —30.6 .029 36 .12 —151 2.63 

3000 .48 139 11.4 3.71 96 -30.0 032 45 / 10 159 3351 
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INA-02100 
HEWLETT 
D PACKARD MagiC™ Low Noise, Cascadable 


Silicon Bipolar MMIC Amplifier 





Features Chip Outline! 


e Cascadable 50 2 Gain Block 
e Low Noise Figure: 2.0 dB typical at 0.5 GHz 
e High Gain: 31.5 dB typical at 0.5 GHz 
25.0 dB typical at 1.5 GHz 
e 3 dB Bandwidth: DC to 1.0 GHz 
e Unconditionally Stable (К>1) 


Description 


| 


500 +13 um 


19.7 +0.5 mil 


The INA-02100 is a low-noise silicon bipolar Monolithic Micro- 
wave Integrated Circuit (MMIC) feedback amplifier chip. It is 
designed for narrow or wide bandwidth industrial and military 
applications that require high gain and low noise IF or RF 
amplification. 


° 
The INA series of MMICs is fabricated using HP's 10 GHz fr, 
25 GHz fmax, ISOSAT™-I silicon bipolar process which uses | А 375 +13 um 
nitride self-alignment submicrometer lithography, trench isola- 14.8 20.5 mil 
2 peal pate pe тени өзі €— chp Chip thickness is 140 шт/5.5 mil Bond Pads are 
lelectric and scratch protection to achieve excellent perfor 41 um/1.6 mil typical on each side. 


mance, uniformity and reliability. Note: Ground Bonding is Critical5. 





—P 


The recommended assembly procedure is gold-eutectic die 
attach at 400°C and either wedge or ball bonding using 0.7 mil 
gold wire’. 


Typical Gain and Noise Figure = Frequency* Typical Biasing Configur ation 
m р 


ТА = 25°С, la = 35 


_ БЕ НЕШЕ D [gp 
т Г ы. 










Усс 
3-5 RFC (Optional) 






— 
BERE 
м 
т 

S 

o 
NF, dB — — 
О 
š 


RF OUT 


| 


Ма = 5.5 V 
(Мотїпа!) 





15 1.5 
01 .02 05 01 0.2 0.5 1.0 2.0 
Frequency, GHz 


Electrical Specifications? 4,T, = 25°C = 


Parameters and Test Conditions: |, = 35 mA, Zo = 50 О Units | Min. 
Gain Flatness | f = 0.01 to 1.0 GHz К | 






= 
E 


H- 
ег 
| -4 | 
° 


Power Gain (152112) f = 0.5 GHz 
| Зав Bandwidth | 


Reverse Isolation (151212) | ї = 0.01 to 1.0 GHz 
Input VSWR | f = 0.01 to 1.0 GHz | 
Output VSWR | f 2 0.01 to 1.0 GHz 


п 


c < 
ер 
D 


50 Q Noise Figure f = 0.5 GHz 


| Р; " x Output Power at 1 dB Gain Compression | 22 f20.5 GHz | 


Third Order Intercept Point | | | f = 0.5 GHz 








_ | Group Delay _ Б BEEN f = 0.5 GHz | 
| У | Device Voltage | | | 
dV/dT | Device Voltage Temperature Coefficient EE | | 


NOTES: 


© 
o 
Ф 
eo 


3 

5 |< 
© 

= | 


. See Application Note, “АМ-А005: Transistor Chip Use" for additional information. 

. The recommended operating current range for this device is 30 to 40 mA. Typical performance as a function of current is on the following page. 
. RF performance of the chip is determined by packaging and testing 10 devices per wafer. 

. The values are the achievable performance for the INA-02100 mounted in a 70 mil stripline package. 

. Refer to Application Bulletin, “АВ-0007: INA Bonding Configuration". 


л + соб N — 
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INA-02100 Low Noise, Cascadable 
Si icon | В Bipolar MMIC Amplifier 





Absolute Maximum Ratings Typical Performance, T4 = 25°С 
| Unless otherwise noted: The values are the achievable performance 
N | for the INA-02100 mounted in a 70 mil stripline package. 
50 mA 
400 mW 
+13 dBm 
200°С 
-65 10 200°С 


| Device Current 


|р Dissipation2. 3 Device Current | vs. Voltage 
ower Dissipation2: | | 


| RF Input Power 
| Junction Temperature 
| Storage Temperature _ 





Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 


2. TMOUNTING SURFACE (Tms) = 25°С. 
3. Derate at 16.7 mW/°C for Tms > 176°C. 





Output Power and 1 dB Gain Compression, 
NF and Power Gain vs. Case Temperature 


Power Gain vs. Current f z 0.1 GHz, ly = 35 mA 


Gp, dB 


NF, dB 





æ ANNO мос co 
о тош о оо-м 


| 
л | 
л 





+25 | 


lg, mA Temperature, *C 


Output Power at 1 dB Gain 
Compression vs. Frequency 


a 
12 — JJ T- ІНГІ 
“ГГ 

| | [| ig=30mA_ 
TIPI TS 
| LU a ш 


05 0.1 2.0 s | 
did GHz 


Е Noise Figure vs. Frequency 


















Рав; dBm 
© 





1. 0.1 J | 1. 10 2.0 
Frequency, GHz 





Typical Scattering Parameters®: 50 
S 





Freq. eee DS S21 эг 5 S2 | 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.01 0.06 -4 32.5 42.1 -2 -39.3 .011 14 .20 -1 1.27 
0.05 0.05 -8 32.5 42.0 -8 -39.4 .011 12 .20 1 1.28 
0.10 0.03 -46 32.3 41.3 -16 -37.9 .013 6 .20 -1 1.17 
0.20 0.02 -52 31.8 39.0 -30 -39.2 .011 -4 .21 3 1.33 
0.30 0.01 -46 31.1 36.2 -43 -38.8 011 -12 22 4 1.36 
0.40 0.02 -44 30.4 33.3 -55 -40.4 .010 -2 .24 2 1.63 
0.50 0.03 -35 29.7 30.7 -65 -39.3 011 -17 26 -1 1:56 
0.60 0.06 -29 29.0 28.4 -74 -39.5 .011 -5 .28 -4 1.67 
0.80 0.10 -41 27.9 24.8 -92 -38.1 .012 -9 32 -14 1.58 
1.00 0.17 -60 26.9 22.0 -108 -36.4 .015 -19 „34 -26 1.41 
1.20 0.24 -73 26.0 19.9 -124 -35.5 .017 -16 .36 -40 1.32 
1.40 0.30 -89 25.1 18.0 -141 -34.1 .020 -16 .38 -60 1.17 
1.60 0.37 -103 24.1 16.0 -157 -32.6 .023 -30 .32 -91 1.19 
1.80 0.42 -116 22.9 14.0 -174 -33.1 .022 -28 .26 -111 1.29 
2.00 0.46 -128 21.5 12.0 171 -31.4 .027 -31 .22 -122 1.25 
2.50 0.50 -146 18.3 8.2 142 -29.3 .034 -44 .19 -148 1.34 
3.00 0.51 -162 14.6 5.4 116 -28.5 .038 -47 .15 -178 1.83 


МОТЕ: 
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5. | S parameters are de-embedded from 70 mil package measured data using the package mode! found i in the DEVICE MODELS section 





O HEWLETT с  INA-02170 
iy PACKARD Low Noise, Cascadable 
Silicon Bipolar MMIC Amplifier 





Features 70 mil Package 





е Cascadable 50 О Gain Block T02 
е Low Noise Figure: 2.0 dB typical at 0.5 GHz GROUND 
e High Gain: 31.5 dB typical at 0.5 GHz 
25.0 dB typical at 1.5 GHz 
e 3dB Bandwidth: DC to 1.0 GHz 220 
о Unconditionally Stable (k»1) — е С 






e Hermetic Gold-Ceramic Surface Mount Package 


T 


(unless otherwise specified) 
1. Dimensions are mm 


Description 


The INA-02170 is a low-noise silicon bipolar Monolithic Micro- 
wave Integrated Circuit (MMIC) feedback amplifier housed in a 

hermetic, high reliability package. It is designed for narrow or | — рени - 
wide bandwidth industrial and military applications that require | mm xx =t 13 
high gain and low noise IF or RF amplification. 





№ 


The INA series of MMICs is fabricated using HP's 10 GHz +, 901 + QU 070 

25 GHz fux ISOSAT™-I silicon bipolar process which uses ni- | ney | 

tride self-alignment, submicrometer lithography, trench isola- Ж = 

tion, ion implantation, gold metallization and polyimide inter- T | | 

metal dielectric and scratch protection to achieve excellent per- 495 + 030 

formance, uniformity and reliability. 1257+ 76 945 
TYPICAL GAIN AND NOISE FIGURE vs. FREQUENCY Typical Biasing Configuration 


ТА = 25°С, lg = 35 mA 
нен В тив ЖЕ ЖИЕ ЩИ 
[GainFiattooc ТЕ | , 


= : F += SS 2.0 
TPT Tit = 
01 02 05 01 02 05 10 20 


Frequency, GHz 


35 


B 


25 














Vec >8У 
RFC (Optional) 



















Rpias (Required) 


МЕ, dB — — — 


C plock 


—о RF OUT 





15 


Electrical Specifications’, TA = 25°C | 

Parameters and Test Conditions: Іа = 35 mA, Zo = 50 © 
Power Gain (|521) — | | f 20.5 GHz 
Gain Flatness f= 0.01 to 1.0 GHz| 


1 
= 
guis 
o 
2 
= 
E 
i 
D | 


Symbol 






















D 
G) 


+ 
5 55 


заб Barawa ” [s 
Reverse Isolation (|51212 f = 0.01 to 1.0 GHz 


Input VSWR 
Output VSWR 

| Noise Figure 
| Output Power at 1 dB Gain Compression 

| Third Order Intercept Point = | 
Group Delay | 
` Device Voltage | 
dV/dT | ^ Device Voltage Temperature Coefficient | mV^C | 
Notes: 1. The recommended operating current range for this device is 30 to 40 mA. Typical performance as a function of current is on the following page. 

2. Referenced from 10 MHz Gain (Gp). 


f = 0.01 to 1.0 GHz 
f = 0.01 to 1.0 GHz 
|» f20.5 GHz | 
Kf-05GHz _ 
f20.5 GHz 
f = 0.5 GHz 


VSWR 


< 
T 









Р1 dB 


: 
сз 





з |в 
< | | 
| |6|3 | | 

| <> | 

on 

ë 


. ; | 8 
` 4 + ° à 
E | i s š . 
кале, 
сл 
ound, 
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I 
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INA-02170 Low Noise, Cascadable 
Silicon Bipolar MMIC Amplifier 


Absolute Maximum Ratings 


Parameter Absolute 
Maximum! 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 







DEVICE CURRENT vs. VOLTAGE 


















Device Current 50 mA e 
Power Dissipation?3 400 mW то=+ "ud | 
RF Input Power +13 dBm abd — 
Junction Temperature 200°G 

Storage Temperature —65°C to 200?C 


| lg, mA 


Notes: 

1. Permanent damage may occur if any of these limits are exceeded. | 
2. ТСАЗЕ = 25°C | 
3. Derate at 7.1 mW/°C for Tc >144°С. 

4 


See MEASUREMENTS section “Thermal Resistance" for more 
information. 





OUTPUT POWER AND 1 dB GAIN COMPRESSION, 
NF AND POWER GAIN vs. CASE TEMPERATURE 


f = 0.5 GHz, lg = 35 mA 


POWER GAIN vs. CURRENT 


Gp, dB 
Gp, dB 


NF, dB 





Temperature, °С 


OUTPUT POWER at 1 dB GAIN COMPRESSION 
vs. FREQUENCY 


„ыер. а 


12 ar көп көле a  TI——T——.d-<-— 


NOISE FIGURE vs. FREQUENCY 
15 





P4 dB: dBm 
NF, dB 





1.5 | 
.02 .05 0.1 0.2 0.5 1.0 2.0 .02 .05 0.1 0.2 JX 0.5 1.0 2.0 


Frequency, GHz Frequency, GHz 





Typical Scattering Parameters: Zo = 50 О ТА = 25°С, la = 35 mA 





Fr S11 S21 S12 S22 

ені Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.01 .05 -8 32.5 42.32 —2 —39.2 011 14 19 —1 1.26 
0.05 .05 —31 32.5 42.32 -7 -38.9 011 14 19 -5 1.26 
0.10 06 -85 32.5 42.05 -14 -38.0 013 10 19 -10 1.15 
0.20 .09 -110 32.3 41.06 -27 -38.8 011 5 18 -16 1.29 
0.30 .12 -129 32.0 39.82 -40 -38.8 011 1 17 —21 1.32 
0.40 .15 —140 31.7 38.43 —53 —40.2 010 19 16 —25 21.45 
0.50 2417 -151 31.4 37.08 -65 -40.0 010 8 16 —27 1.48 
0.60 .17 —159 31.0 35.49 —77 -39.6 011 23 16 -30 1.43 
0.80 .18 —174 30.2 32.45 —101 —38.2 .012 23 16 —40 1.43 
1.00 .19 179 29.2 28.70 —126 —38.2 .012 17 .16 —53 1.55 
1.20 .19 173 27.8 24.51 —149 -37.5 013 27 .15 —71 1.66 
1.40 .20 166 26.1 20.18 —171 —36.2 .015 35 .14 —102 1.73 
1.60 .21 162 24.2 16.26 170 -36.3 015 34 .12 —172 2.07 
1.80 .22 159 22.3 13.02 153 -34.1 020 46 .10 144 1.94 
2.00 .23 155 20.4 10.45 139 -33.0 022 37 07 117 2.17 
2.50 .25 150 16.7 6.82 112 —33.3 .022 32 .05 95 3.19 
3.00 .29 144 13.1 4.51 87 —31.8 .026 32 .04 78 3.96 
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Сл HEWLETT INA-02184, INA-021 86 
| " DACKARD | Мадістм Low Noise, Cascadable 


Silicon Bipolar MMIC Amplifier 





Features | РасКаде 84 
e Cascadable 50 Q Gain Block "— EM 
4 { Y GROUND 









e Low Noise Figure: 2.0 dB Typical at 0.5 GHz 
e High Gain: 31 dB Typical at 0.5 GHz 
26 dB Typical at 1.5 GHz 
e 3 dB Bandwidth: DC to 0.8 GHz 
e Unconditionally Stable (К>1) 
ә Low Cost Plastic Package 


RF OUTPUT 


RF INPUT ‚ - AND DC BIAS 





Description 

The INA-02184 and INA-02186 is a low-noise silicon bipolar С а 

Monolithic Microwave Integrated Circuit (MMIC) feedback | боз сл 

amplifier housed in low cost plastic packages. They аге _ 1.52 + 0.25 d 

designedfor narrowor wide bandwidth commercial applications i с т 

that require high gain and low noise IF or RF amplification. | 5.46 + 0.25 x | 
dii (0.215 + 0.010) | 

The INA series of MMICs is fabricated using HP's 10 GHz fy, о ИЙИНЕ ТЕБЕН) 

25 GHz fmax, 1ЗОЗАТТМ-| silicon bipolar process which uses Package 86 


nitride self-alignment submicrometer lithography, trench - 
isolation, ion implantation, gold metallization and polyimide š ете = 
intermetal dielectric and scratch protection to achieve excellent | 


performance, uniformity and reliability. 


RF OUTPUT 
Typical Gain and Noise Figure 2 Frequency AND DC BIAS 


ТА = 25°С, la = 35 m 
SS T 
[Gain Fiattopc | | TN. |, 










G, dB —— 
o uU 
EM 
N 

| 

` БАНЕ 
М. 

\ 
» 
м М 
© m 
NF, dB — — - 





Frequency, GHz 


0.66 (0.026) 2.16 (0.085) 0.25 (0.010) 
Electrical Specifications1,T, = 25°C | 





INA-02184 О INA-02186 . — 


























Parameters and Test Conditions: l4 
Power Gain (15.12) | | 
Gain Flatness | 
3dBBandwidth? 00 
Reverse Isolation (IS; 212) = | 


= 35 mA, Zo = 50 2 
02 f=05GHz  — 
f20.01 to 1.0 GHz 


=, 
c 
= 
E 


G 
= | 
o е 







ol 
81 


т | I | | 






_1= 0.01 to 1.0 GHz 
_1= 0.01 to 1.0 GHz 
_ f = 0.01 to 1.0 GHz 
_f=0.5 GHz 

$=05GHz — 


ЕС 
| © 


Input VSWR (Мах over Freq. Range) 
Output VSWR (Max Freq. Range) | 
50 Q Noise Figure - ИШЕ 
Output Power at 1 dB Gain Compression | l 
P | . Third Order Intercept Point | | | | 
| dv/idT | Device Voltage Temperature Coefficient 


NOTES: 1. The recommended operating current range for this device is 30 to 40 mA. Typical performance as a function of current is on following page. 
2. Referenced from 10 MHz Gain (Ср). 


| 3 W i | 


3 1 А 
1 £ Қ 2 







| Q. 
' UD 
Е 
№ 
| CO 


350 
Device Voltage | 


o 
Сл 






— INI IN 
=lolNio 


+ іс ро [р | |= | њег | 
oleis! É lo © 
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INA-02184, INA-02186 Low Noise Cascadable 
Silicon Bipolar MMIC Amplifier 


Absolute Maximum Ratings О | Part Number Ordering Information. 


pat umber — Devious Perot | Foor Sizo 


Absolute Maximum! - 
Device Current i -|NA-02184-TR1 - 


INA-02184-TR2 ` 4000 Ju 

























50 тА | 







| Power Dissipation?;3.4 400 mW 
RF Input Power +13 dBm INA-02186-TR1 > 1000 TD 
Junction Temperature +150°С INA-02186-TR2 4000 13" 
| Storage Temperature —65 to +150°С | | 


For more information, see "Tape and Reel Packaging 
for Semiconductor Devices”, page 14-14. 





Notes: 

1. Permanent damage may occur if any of these limits are exceeded. | 
2. TCASE = 25°С. | 
2. Derate at 11.1 mW/°C for Тс > 114°C for INA-02184 

4. Derate at 10 mW/°C for Te > 110°C for INA-02186 


Typical Performance, INA-02184 and INA-021 86, тая : 25°C 


(Unless otherwise noted) | 
Power Gain vs. Current Device Current vs. Voltage 





Output Power at 1 dB Gain | 
Compression vs. Frequency Noise Figure vs. Frequency 









3.5 
3.0 
5 
25 © 
@ | u 2.5 | 
а. ЕН" ly = 30 to 40 mA 
2.0 г TIT um 
LLL L Tut Í` w TL T IT 
.02 05 0.1 0.2 0.5 1.0 2.0 .02 .05 1.0 2.0 
Frequency, GHz аний GHz 
Input VSWR vs. Frequency Output те E E 


lg = 35 тА = 


ІМА-02186 “ы 1-4 





02 205 01 02 05 10 20 
Frequency, GHz Frequency, GHz 
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INA-02184, INA-02186 Low Noise Cascadabie 
Silicon Bipolar MMIC Amplifier 





Typical Performance, INA-02184 and INA-02186, 
TA = 25?C (Unless otherwise noted) 


Typical Biasing Configuration 





О Усс 
АРС (Optional) 


Output Power and 1 dB Gain Compression, 
NF and Power Gain vs. Case Temperature 
f = 0.5 GHz, lg = 35 mA 


Rbias 
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Съюск Съюск 
RF IN ---о RF OUT 
5 
—5 -25 425 485 4125 
Temperature, °С 
Typical INA-02184 Scattering Parameters: Zo = 50 О ТА = 25°С, la = 35 mA 
Freq. $11 | S21 S12 8200 
MHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.01 .09 -176 31.9 39.33 -1 -40.0 .010 1 25 -1 1.40 
0.05 .09 -171 31.9 39.24 -6 -41.9 .008 -12 25 -4 1.66 
0.10 10 -163 31.8 39.07 -13 -40.9 .009 1 25 -8 1.52 
0.20 13 -159 31.7 38.30 -26 -40.0 .010 15 23 -13 1.44 
0.30 .15 -161 31.4 37.30 -39 -38.4 „012 16 ‚222 -17 1.29 
0.40 .18 -168 31.2 36.42 -51 -39.2 .011 32 .21 -15 1.39 
0.50 .19 -175 31.0 35.40 -63 -40.0 .010 34 .21 -16 1.52 
0.60 .20 179 30.7 34.20 -75 -37.1 014 35 .21 -17 1.24 
0.80 .19 166 29.9 31.21 -101 -38.4 .012 38 .24 -26 1.44 
1.00 .17 159 28.4 26.36 -126 -36.5 .015 53 .24 -41 1.40 
1.20 15 159 26.8 21.89 -149 -34.0 .020 56 .22 -60 1.31 
1.40 15 163 24.8 17.36 -169 -33.2 .022 62 .18 -78 1.50 
1.60 .16 168 22.6 13.59 175 -31.4 .027 67 .14 -93 1.50 
1.80 .18 168 20.7 10.86 161 -31.1 .028 61 11 -108 1.74 
2.00 .19 165 18.8 8.71 149 -30.2 .031 64 .08 -125 1.92 
2.50 .23 159 14.9 5.56 127 -29.1 .035 56 „05 -167 2.54 
3.00 27 150 11.5 . 3.76 106 -27.1 .044 65 .04 155 2.89 
3.50 .30 143 8.8 2.74 89 -26.0 .050 57 .04 137 3.39 
4.00 33 133 6.6 2.14 73 -25.0 056 62 „05 137 3.78 
oft 
Typical INA-02186 Scattering Parameters: Zo = 50 Q ТА = 25°C, la = 35 mA 
Freq. $11 921 S12 522 2 
MHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.01 .09 -178 31.5 37.38 -1 -40.0 .010 1 ‚24 -1 1.46 
0.05 „09 -172 31.5 37.55 -6 -37.7 „013 11 .24 -5 1.22 
0.10 .11 -160 31.5 37.46 -13 -39.2 .011 8 .23 -9 1.37 
0.20 ‚14 -153 31.4 37.04 -25 -40.9 „009 15 .22 -17 1.60 
0.30 .18 -156 31.3 36.62 -97 -38.4 .012 1 .21 -25 1.30 
0.40 .22 -161 31.2 36.20 -49 -37.7 .013 28 .19 -30 1.25 
0.50 .25 -169 31.1 35.70 -61 -39.2 „011 42 .18 -35 1.40 
0.60 .28 -177 30.9 34.94 -74 -38.4 .012 44 .16 -39 1.33 
0.80 .31 165 30.2 32.34 -101 -36.5 .015 52 .15 -47 1.20 
1.00 .3O 148 28.8 27.64 -129 -34.4 .019 57 .12 -59 1.15 
1.20 ‚27 135 27.0 22.26 -153 -32.4 .024 62 .09 -/0 1.15 
1.40 .24 129 24.7 17.22 -173 -31.1 .028 61 .07 -BO 1.23 
1.60 .21 128 22.5 13.27 170 -31.4 027 62 „04 -В2 1.52 
1.80 .20 129 20.4 10.42 156 -29.1 .035 61 .02 -83 1.50 
2.00 .20 131 18.4 8.34 144 -29.1 .035 63 .01 -20 1.79 
2.50 ‚23 133 14.5 5.29 123 -27.1 „044 59 .02 30 2.15 
3.00 .27 130 11.2 3.61 103 -25.7 .052 63 .02 27 2.56 
3.50 .31 124 8.3 2.60 . 86 -24.4 .060 64 .02 34 2.97 
4.00 .34 118 6.1 2.02 70 -23.4 .068 58 .01 30 3.28 


INA-02184, INA-02186 Low Noise Cascadable 
Silicon Bipolar MMIC Amplifier 





Emitter inductance and Performance 


As a direct result of their circuit topology, the performance of 
INA MMICs is extremely sensitive to groundpath ("emitter") 
inductance. The two stage design creates the possibility of a 
feedback loop being formed through the ground returns of the 
stages. If the path to ground provided by the external circuit is 
“опа” (high in impedance) compared to the path back through 
the ground return of the other stage, then instability can occur 
(see Fig. 1). This phenomena can show up as a “peaking” in the 
gain versus frequency response (perhaps creating a negative 
gain slope amplifier), an increase in input VSWR, or even as 
return gain (a reflection coefficient greater than unity) at the 
input of the MMIC. 


The "bottomline" is that excellent grounding is critical when 
using INA MMICs. The use of plated through holes or 
equivalent minimal path ground returns right at the device is 
essential. An appropriate layout is shown in Figure 2. A cor- 
ollary is that designs should be done on the thinnest practical 
substrate. The parasitic inductance of a pair of via holes 
passing through .032" thick pc board is approximately 0.1 nH, 
while that of a pair of via holes passing through 0.062" thick 
board is close to 0.5 nH. HP does not recommend using INA 
family MMICs on boards thicker than 32 mils. 


These stability effects are entirely predictable. A circuit simu- 
lation using the data sheet S-parameters and including a de- 
scription of the ground return path (via model or equivalent 
"emitter" inductance) will give an accurate picture of the per- 
formance that can be expected. Device characterizations are 
made with the ground leads of the MMIC directly contacting a 
solid copper block (system ground) at a distance of 2 to 4 mils 
from the body of the package. Thus the information in the data 
sheet is a true description of the performance capability of the 
MMIC, and contains minimal contributions from fixturing. 
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Figure 2. INA Circuit Board 2x Actual Size 





1539 HEWLETT | INA-03100 
Ú) PACKARD . MagiCT™ Low Noise, Cascadable 


Silicon Bipolar MMIC Amplifier 





Features | Chip Outline! 


e Cascadable 50 О Gain Block 

e Low Noise Figure: 2.5 dB typical at 1.5 GHz 
e High Gain: 26.0 dB typical at 1.5 GHz 

e 3 dB Bandwidth: DC to 2.8 GHz 

e Unconditionally Stabie (k>1) 

e Low Power Consumption 


Description 

The INA-03100 is a low-noise silicon bipolar Monolithic Micro- 
wave Integrated Circuit (MMIC) feedback amplifier chip. It is 
designed for narrow or wide bandwidth commercial, industrial 
and military applications that require high gain and low noise 
IF or RF amplification with minimum power consumption. 


The МА series of MMICs is fabricated using HP's 10 GHz f, 
25 GHz fmax, ISOSAT™-I silicon bipolar process which uses НЕСИНИН 
nitride self-alignment submicrometer lithography, trench | 375 +13 um 
isolation, ion implantation, gold metallization and polyimide 14.8 205 mil 
intermetaldielectric and scratch protectionto achieve excellent 
performance, uniformity and reliability. 


500 +13 um 
19.7 +0.5 mil 





— >» 


Chip thickness is 140 jum/5.5 mil Bond Pads are 
41 um/1.6 mil typical on each side. 


The recommended assembly procedure is gold-eutectic die Note: Ground Bonding is Criticalé. 
attach at 400°C and either wedge or ball bonding using 0.7 mil | m 
gold wire.! Typical Biasing Configuration 


Typical Gain and Noise Figure vs. Frequency* 
Қы C, lg = 12 mA 


еге. [ T LIT]. 










Усс 
30 RFC (Optional) 






Сыоск 


Gp dB ---- 
A N 
л о 
| 
| 
H — 
Np 
`, | 
Шы 
522 
№ 
о 
NF, dB — — - 





RF IN —о RF OUT 
10 А. —— UU. 1.0 Уа-4.5У 
01 02 05 10 20 5.0 (Мотіпаі) 
Frequency, GHz 
Electrical эресшсапопв“ 4 ; ТА = 25°С = 
_ Зутьо! ` Parameters and Test Conditions’: la = 12 mA, Zo = 50 Q Typ 


_ Power Gain (152112). = | f=1 5 GHz | 
Gain Flatness Ен | mm mE - 0.01 to 2.0 GHz 
Ts dB Bandwith === ЕНЕ ЕЛЕР en eR лл а ee ete Ке а г 
| Reverse Isolation (154212). | | | ЕНЕ mm {= 0.01 to 2.0 GHz E 
Input VSWR ` ЬН С f20.01 to 2.0 GHz 
Out VSWR — - анааан) 0011020 GHz _ 
| Output Power at 1 dB Gain Compression mm СЯ а i 
Third Order Intercept Point | mE f -15GHz | 
Tee "E = = уу U — т 
pepe | а U 





| | ala! | | U | | 
| no | | I+ | | 
+ | С | e 
: e 
ж 





Device Voltage Temperature Coefficient 





3 
s 
ó 


1. See Application Note, “AN-A005: Transistor Chip Use" for additional information. 

2. The recommended operating current range for this device is 8 to 20 mA. Typical performance as a function of current is on the following page. 
3. RF performance of the chip is determined by packaging and testing 10 devices per wafer. 

4. The values are the achievable performance for the INA-03100 mounted in a 70 mil stripline package. 

5. VSWR can be improved by bypassing a 100 Q bias resistor directly to ground. 

6. Refer to Application Bulletin, "AB-0007: INA Bonding Configuration". 
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INA-03100 Low Noise, Cascadable 
Silicon Bipolar MMIC Amplifier 


Absolute Maximum Ratings 


[Parameter — | Absolute mamun | 


Device Current И 
Power Dissipation2: 3- 


Device Current vs. Voltage 


4. 25 тА 
200 mW 
+13 dBm 
200°С 
-65 to 200°С 


RF input Power 
Junction Temperature 
| Storage Temperature 








Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 


2. TMOUNTING SURFACE (Ts) = 25°С. | 
3. Derate at 14.3 mW/°C for Tus > 186°C. 





Typical Performance, T4 = 25°C 
Unless otherwise noted: The values are the achievable performance 


for the INA-03100 mounted in a 70 mil stripline package. Output Power and 1 dB Gain Compression, 


NF and Power Gain vs. Case Temperature 


Power Gain vs. Current f = 1.5 GHz, 14-12 mA - 





Gp, dB 


Temperature, °С 


Output Power at 1 dB Gain 
Compression vs. Frequency 


Noise Figure vs. Frequency | 
«ПБ 


кар ЕШ 


5.0 ` 0.1 5.0 
Бя GHz 









Рав; dBm 








( ТА = 25°С, la z12 mA 


Typical INA-031 00 Scattering Parameters‘: Zo = 50 Q 











GHz ` Mag Ang («в Mag Ang dB ` Mag Ang Mag . Ang k 
' 0.05 0.35 176 26.6 ` 21.4 -4 -36.0 016 8 .56 -1 1.25 
0.10 0.35 172 26.6 21.3 -8 -36.5 .015 -4 .56 -3 1.30 
0.20 0.33 — 165 . 26.4 21.0. -15 -36.4 .015 -5 .56 4 1.30 
' 0.40 0.31 150: 261 |. 20.1 | -29 -36.0 .016 -13 .54 -7 1.33 
0.60 0.27 137 25.6 19.0 -42 -37.6 .013 2-14 54 -8 1.58 
0.80 0.23 125 25.0 17.8 -53 -36.1 .016 -13 53 -9 1.49 
1.00 0.19 113 _ 24.5 16.7 -63 -35.1 .018 -16 5 -10 1.43 
1.20 0.16 99 24.0 _. 15.9 -72 -36.9 .014 -21 54 -12 1.72 
(140 © 0.13 76 | 23.8 _ 15.4 -81 -36.4 .015 -12 55 -15 1.65 
- 1.60 _ 0.12 51 23.6 15.2 -88 -35.6 .017 -11 .56 -17 1.54 
480 0.13 21 23.6 ' 15.5 -97 -34.1 .020 ` -5 .58 -20 1.24. 
2.00. 0.18 -5 23.8 | 15.5 -106 -34.3 019. -13 60. . -25 1.18 
2.50 0.40 -52 24.7 | 17.2 -132 -30.2 .031 -9 .67 -38 0.53 
3.00 0.81 -86 | 25.6 19.1 -167 -27.0 .045 -12 70 . -64 





Note: 5 8 parameters are de-embedded from 70 mil package measured data using the package model found i in the DEVICE MODELS section of the Avantek 
Microwave Semiconductors databook - 
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D HEWLETT INA-03170 
р S PACKARD — Low Noise, Cascadable | 
Silicon Bipolar MMIC Amplifier 










Features | | 70 mil Package 

e Cascadable 50 © Gain Block 1.02 

e Low Noise Figure: 2.5 dB typical at 1.5 GHz | АГ GROUND - 

e High Gain: 26.0 dB typical at 1.5 GHz | 

e 3dB Bandwidth: DC to 2.8 GHz - 
e Unconditionally Stable (k>1) 508 
e Low Power Dissipation rudis С 

e Hermetic Gold-Ceramic Surface Mount Package 


Description 


The INA-03170 is a low-noise silicon bipolar Monolithic Micro- 
wave Integrated Circuit (MMIC) feedback amplifier housed in a 
hermetic, high reliability package. It is designed for narrow or 

wide bandwidth commercial, industrial and military applications — "a 
that require high gain and low noise IF or RF amplification with mm хх 13 
minimum power consumption. 


The INA series of MMICs is fabricated using HP's 10 GHz tr, 002 + 902 :070 
25 GHz fmax ISOSAT™-I silicon bipolar process which uses ni- 
tride self-alignment, submicrometer lithography, trench isola- 


tion, ion-implantation, gold metallization and polyimide inter- п | 
metal dielectric and scratch protection to achieve excellent per- — EN 
t 


formance, uniformity and reliability. 89 


d 


(unless otherwise specified) 
1. Dimensions are mn 





Typical Biasing Configuration 
TYPICAL GAIN AND NOISE FIGURE vs. FREQUENCY M | 


ТА = 25°С, Ig = 12 mA 


. Gain Flat to DC lA 
pulcro d tel — — LN y "m 
— LI | YN 
л 0.2 0.5 1.0 2.0 5.0 


1.0 






5.0 Усс >7 V 









RFC (Optional) 


Rpias (Required) 






C block 


Gp, dB as | 


RF IN RF OUT 


мав ——— 


Frequency, GHz un 


Electrical Specifications', TA = 25°С | 


Power Gain (152112 f 21.5 GHz 
Gain Flatness 0.01 to 2.0 GHz 


| | Parameters and Test Conditions: ld = 12 mA, Zo = 50 Q 
Gp | | = 1. 
ЛОР f = 0. 


3 dB Bandwidth? 


Reverse Isolation (|61212) f = 0.01 to 2.0 GHz 


ЕТТЕ 
[в _ 
-B 
S GHz: 
в _ 
Input VSWR f = 0.01 to 2.0 GHz] 
ЖИ 
B 
__дВт__ 
Bm 
БЕ 
ЖИН 





о|-|о 
О c 
c © 
o c 
о 
б |9 | 20| ó 
E = 
— j ase 
m 
—— 
Q. 
CO 
G) 
10 
23 
о 
© 
3 
CO 
“ч 
Ф 
o 
0 
© 
= 
= — 
l EU | i 
ab awh, 
2lalzlal 
G) G) 
ттт 
N N 


VSWR ! 

Output VSWR f 2 0.01 to 2.0 GHz 
NF = 
Pid ` = 
Vd 


° 
А 
i ә 
з 


dV/dT Device Voltage Temperature Coefficient mV/°C. 


Notes: 1. The recommended operating current range for this device is 8 to 20 mA. Typical performance as a function of current is on the following page. 
2. Referenced from 10 MHz Gain (Ор). 
3. VSWR can be improved by bypassing the bias directly to ground. 
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INA-03170 Low Noise, Cascadable 
Silicon Bipolar MMIC Amplifier 


Absolute Maximum Ratings _ i Typical Performance, T4 = 25°С 
Absolute (unless otherwise noted) 
Parameter Снра | 


Device Current 25 mA | | ^ A DEVICE CURRENT vs. VOLTAGE 
Power Dissipation?? . .200mW | 
ВЕ Input Power +13 dBm 
Junction Temperature 200°C 


Тс = +125°С — — 


Storage Temperature —65?C to 200°C 


lq, mA 





1. Permanent damage may occur if any of these limits are exceeded. 
2. ТСАЗЕ = 25°С 

3. Derate at 6.7 mW/°C for Tc »170?C. 

4 


See MEASUREMENTS section "Thermal Resistance" for more 
information. 





OUTPUT POWER AND 1 dB GAIN COMPRESSION, 
NF AND POWER GAIN vs. CASE TEMPERATURE 

















POWER GAIN vs. CURRENT f = 1.5 GHz, lg = 12 mA 
© 
a 
(o 
Е. 
Š : 
= S 
= d 
ч 
ie 
2 
^ -55 -25 425 | +85 +125 
Temperature, °С 
OUTPUT POWER at 1 dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
E 
8 ш 
- © 
: — 
a 
ee | di 
0.1 02 _ 05 10 20 ^ 50 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 Q | ТА = 25°С, lg = 12 mA 
Freq Е ИЕ MERE. MENS Әб ___ z _ | 
GHz Mag Ang dB Mag |. Ang dB Mag Ang Mag Ang k 
0.05 499 178 26.6 21.48 -4 -35.9 016 9 _.56 —1 1.24 
0.10 .35 176 26.6 21.42 | —7 —36.5 .015 6 56 _ -4 1.29 
0.20 .34 172 26.6 © 21.37 —14 —36.5 015 -1 ..56 —7 1.30 
0.40 .34 164 26.5 21.19 —28 —36.5 .015 —5 .54 —13 1.33 
0.60 . d 158 26.4 20.91 —41 —38.4 .012 2 .53 —18 1.58 
0.80 ^ 132 152 26.3 20.69 22-54 —37.1 014 5 .51 —22 1.46 
1.00 _ .92 | 147 26.2 20.48 —67 —36.5 .015 4 .50 22-027 1.41 
1.20 32 141 26.2 20.40 —80 —39.2 011 13 49 -32 1.79 
1.40 31 133 26.3 20.73 -93 -37.7 013 25 48 —38 1.57 
1.60 — „31 125 26.5 21.15 -106 —37.1 .014 28 47 —45 1.47 
_ 1.80 ‚30 117 26.8 21.84 —121 —35.4 .017 30 .46 —52 1.28 
2.00 .27 106 26.9 22.20 —138 —37.1 .014 33 .42 —62 1.48 
2.50 .15 94 26.6 21.48 —177 —35.4 .017 | 23 soll < —79 1.44 
3.00 .16 159 23.7 15.32 133 —34.4 .019 42 .16 —72 1.78 
3.50 .28 150 19.8 9.81 99 —35.4 .017 28 |^. 19 . —60 2.71 
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O HEWLETT E j INA-03184 
| /) BPACKARD . | AO. Low Noise, Cascadable | 
à: Silicon Bipolar MMIC Amplifier 








Features ко ы | | | 84 Plastic Package 








e Cascadable 50 О Gain Block : 0.51 (0.020) —= - v 

e Low Noise Figure: 2.6 dB typical at 1.5 GHz GROUND 

e High Gain: 25 dB typical at 1.5 GHz | 

e 3 dB Bandwidth: DC to 2.5 GHz | RF INPUT AND DC BIAS 


e Unconditionally Stable (К>1) 
e Low Power Dissipation: 10 mA Bias 
e Low Cost Plastic Package 


Description 


The INA-03184 is a low-noise silicon bipolar Monolithic Micro- 
wave Integrated Circuit (MMIC) feedback amplifier housed in 
a low cost surface mount plastic package. It is designed for 
narrow or wide bandwidth commercial and industrial applica- 
tions that require high gain and low noise IF or RF amplification 
with minimum power consumption. = mE (0.060 + 0.010) 


0.20 + 0.050 
(0.008 + 0.002) 


4 
F 








5.46 + 0.25 
(0.215 + 0.010) 


The INA series of MMICs is fabricated using HP's 
10 GHz fr, 25 GHz fmax, ISOSAT™-I silicon bipolar process (0.020) 
which uses nitride self-alignment submicrometer 
lithography, trench isolation, ion implantation, gold 
metallization and polyimide intermetal dielectric and scratch 
protection to achieve excellent performance, uniformity and Typical Biasing Configuration 
reliability. » 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 


Typical Gain and NF vs. Frequency 
TA = 25°С, lg = 10mA 


.Cyypass? (Optional) 














V 
RFC (Optional) 


Rojas 
Сыоск Сыоск 


RF IN RF OUT 
Va = 4.0 V | | 


(Nominal) 






Frequency, GHz 


Electrical Specifications!, T4 = 25°С 


Parameters and Test Conditions: |, = 10 mA, Zo = 500 


Power. Gain (1521) | f= 1.5 GHz 





T] ЕСЕ 
вапна оло: | в. 

в вала [№ 
[Reverse Isolation (S — — NG |æ 

usua и 12000288 | — 
ЕСЕ 


МҒ 50 Q Noise Figure - f21.5GHz ` 
Р ав Output Power @ 1 dB Gain Compression f=1.5GHz | 


Third Order Intercept Point f= 1.5 GHz 


Output VSWR f = 0.01 to 2 GHz 


Vg Device Voltage 


dV/dT · Device Voltage Temperature Coefficient : mvV/°C 


Co > 
° 
x 


š 
$ 


1. The recommended operating current range for this device is 8 to 16 mA. Typical performance as a function of current is on the following page. 
2. Reference from 10 MHz gain (Gp). | 
З. VSWR can be improved by bypassing а 100-200 О bias resistor directly to ground. See АМ-5012: MaglC Low Noise Amplifiers 
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Absolute Maximum Ratings 


Device Current 


.25 mA 
200 mW 
4-13 dBm 


Power Dissipation? 
RF Input Power 
Junction Temperature 150°C 
Storage Temperature -65 to 150°C 


Thermal Resistance: 5% = 100°C/W 


Notes: 





1. Permanent damage may occur if any of these limits are exceeded. 


2. Derate at 10 mW/°C for Tc > 130°C. 


Typical Performance, T4 = 25°C 


(Unless otherwise noted) 


INA-03184 Low Noise, Cascadable 
Silicon Bipolar MMIC Amplifier 


Part Number Ordering Information 


INA-03184-TR1 | 1000 
4000 13" 


INA-03184-TR2 


For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 






Output Power @ 1 dB Gain 


Power Gain vs. Current 


и ВТА 





Device Current vs. Voltage 





Compression vs. Frequency 


oma TEN T 
| | 





Frequency, GHz 


Noise Figure vs. Frequency 





NF, dB 
e 





PT 3I I 


"S sita i 


Output Power @ 1 dB Gain Compression, 
NF and dde Gain vs. Case Temperature 





-25 %25 485 
Temperature, °С 





Typical INA-03184 Scattering Parameters: 20 = 50 О - 





ТА = 25°С, 1, = 10 mA 





Freq. — S _ S21 S12 _ So Y 
MHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.05 .32 179 25.6 19.14 -3 -37.1 .014 3 55 0 1.48 
0.10 .32 ‚ 176 25.6 19.05 -7 -97.1 .014 4 57 -3 1.45 
0.20 .32 172 25.6 19.05 -14 -37.1 .014 6 55 -5 1.48 
0.40 .32 165 25.5 18.78 -29 -37.1 014 10 .53 -11 1.53 
0.60 ,32 158 25.4 18.71 ` -43 -36.5 .015 11 .51 -14 1.49 
0.80 .32 151 25.4 18.53 -57 -36.5 .015 13 51. -17 1.50 
1.00 ,32 144 25.2 18.18 -72 -35.9 016 21 .50 -20 1.46 
1.20 .30 135 25.2 18.27 -86 -35.9 .016 25 .50 -23 1.46 
1.40 .31 126 25.2. 18.10 -102 -35.4 .017 30 _ .49 -29 1.42 
1.60 .30 117 25.1 | 17.92 -117 -94.9 .018 38 48 -34 1.38 
1.80 .26 102 24.9 17.49 -135 -94.4 .019 44 .45 -41 1.39 
2.00 ‚22 92 24.4 16.62 -153 -34.0 .020 49 .40 -50 1.44 
2.50 .09 91 22.2 12.88 168 -33.6 .021 57 .26 -48 1.87 
3.00 .14 160 18.9 8.79 134 -32.8 .023 65 .22 -33 .2.40 
3.50 .24 151 15.4 5.92 108 -32.0 .025 69 .26 -33 3.01 
4.00 .29 139 12.4 4.18 87  -80.8 .029 81 28 — -43 3.52 
Note: 5. S-parameters are de-embedded from 70 mil package measured data using the package model found in the DEVICE MODELS section 
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HEWLETT INA-10386 
PACKARD |». .  . Low Noise, Cascadable 


Silicon Bipolar MMIC Amplifier 


Ú 








Features | o _ m E . 86 Plastic Package - 


e Cascadable 50 О Gain Block 
e 3 dB Bandwidth: DC to 1.8 GHz Ë | LIN | 
e 26 dB typical Gain at 1.5 GHz Mcd ж 
e 10 dBm typical Р, ав at 1.5 GHz 
e Unconditionally Stable (k>1) 
e Surface Mount Plastic Package 






RF OUTPUT 
AND DC BIAS 


çZ! 
Description 
2.43 (0.107) 
The INA-10386 is a low-noise silicon bipolar Monolithic Micro- 910072) 
wave Integrated Circuit (MMIC) feedback amplifier housed in | | GRouND | 
a low cost surface mount plastic package. It is designed for | ç 
narrow or wide bandwidth commercial and industrial applica- | 256 (0.085. = 


tions that require high gain and moderate power. J O O 


x TN 1770070) | | 
The INA series of MMICs is fabricated using HP's ие Aok u 


10 GHz fr, 25 GHz fmax, ISOSAT™-I silicon bipolar process © i i | | | 


which uses nitride self-alignment submicrometer 0.66 (0.026) 2.16 (0.085) 0.25 (0.010) 
lithography, trench isolation, ion implantation, gold 0.15 (0.006) 
metallization and polyimide intermetal dielectric and scratch | DIMENSIONS ARE IN MELIMETERS INCHES) 
protection to achieve excellent performance, uniformity and | 

reliability. 


Typical Biasing Configuration 


Typical Gain vs. ao | 


ТА = 25°С, Vg = 6 


ыы [ ||| 


Il TONE 
ТИ 


1 272 | .5 1.0 2.0 5.0 
Frequency, GHz 













Gp, dB —— 





Electrical Specifications!, TA = 25°C 


H 
=, 
@ 


fo 
| з 





Parameters and Test Conditions: V, = 6V, 20 = 50 О Min. Ty 
Power Gain (15112) f = 1.5 GHz | 23.0 | 26.0 
Gain Flatness f = 0.1 to 1.5 GHz BEN t1.0 


3 dB Bandwidth 


Wm 
$ 
ЕСУ 
| Reverse Isolation (8620 420200) dB - 
Input VSWR i f = 0.1 to 2 GHz г ы. 
жш 

$B 

_авт_ 

ЕСІН 


VSWR 





Output VSWR | f = 0.1 to 2 GHz 
50 © Noise Figure f= 1.5 GHz 


P1 aB 

psec 
Ve 
dV/dT mV^c 


1. The recommended operating current range for this device is 40 to 60 mA. Typical performance as a function of current is on the following page. 


"Hi 


3 
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INA-10386 Cascadable 
Silicon Bipolar MMIC Amplifier 


Absolute Maximum Ratings | s Part Number Ordering Information 






Device Current |  80mA INA-10386-TR1 1000 
Power Оіѕѕірайоп2,3 | 750 mW INA-10386-TR2 4000 13° 
RF Input Power |  . +13 dBm | Рог more information, see "Tape and Reel Packaging = | 
Junction Temperature | 150°С for Semiconductor Devices", page 14-14. 
Storage Temperature | -65 to 150?C | | | 

Notes: 


1. Permanent damage may occur if any of these limits are exceeded. 
2. Toase = 25°С. | 
2. Derate at 10 mW/C for Тс > 75°C. 


Typical Performance, T4 = 25°C 


(Unless otherwise noted) 


Output Power @ 1 dB Gain | : & 
Power Gain vs. Current Compression vs. Frequency Noise Figure vs. Frequency 


НИЕ 














4.0 x 
> 
Š Trimma 
З i | По 
3.0 | 
| 2.5 | 
.02 .05 0.1 0.2 05 1.0 2.0 .02 .05 0.1 0.2 0.5 1.0 2.0 





Frequency, GHz | Frequency, GHz 


| Output Power and 1 dB Gain Compression, 
NF and Power Gain vs. Case Temperature 
Device Current vs. Voltage f = 1.5 GHz, V, =6 V 





Temperature, °С 








ТА = 25°С, Vg =6 V 
Freq. $ Sa 5:2 250000000 
MHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.05 120 -9 26.6 | 21.4 22244 | -35.2 017. 1 41-5 1.51 
0.10 11. -17 26.7 21.6 -8 -35.6 017 3 42  — -10 1.50 
0.50 .13 -79 26.7 216 -38 -35.7 _ 016 10 07 22-440 1.59 
1.00 2.7 -137 26.8 219 . | -80 © -34.1 .020 |. 43 _ .03 18 1.33 
1.50 21 171 26.0 20.0 . -126 -83.1 023 53 07 32 1.26 
200 21 127 23.6 15.1 -168 -299 | .032 55 07 9 1.23 
2.50 .19 106 21.7 122 159 -28.4 . ,038 58 .04 42 1.27 
3.00 14 86 192 9.1 127 -26.7 .046 55 .05 56 13 * 
3.50 07 85 16.8 " 6.9 97 -248 | ` .058 50 .06 47 1.44 
4.00 .08 148 14.2 5.1 70 -247 5 51 04. . 40 1.82 
БЕЛАЕ Е СУ ЧЕ T——— MICE ЕАН РЕЙ: ЗЕЕ ЕЛ ҰС Аа Ауга О АЕ АЕ, Жыра тараны да “нау EE SET M DOG CNN CE ELEM тыс асси акен CIE TID KE E EC CINA NUMERO DENM EN le алық ымен ө, жай иЄ, БИН ыы Ee ET сыра | 
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Does sr = | MSA-0100 

| р PACKARD. | | TIME 2 MODAMP"" Cascadable Silicon Bipolar ` 
Monolithic Microwave Integrated 
Circuit Amplifiers АЕ 





али ЭО АА . Chip Outline’ 
е СазсадаЫе 50 © Gain Block | B — ст 
3 dB Bandwidth: DC to 1.3 GHz | — 


e High Gain: 18.5 dB typical at 0.5 GHz 
e Unconditionally Stable (k>1) INPUT 


Description 


The MSA-0100 is a high performance silicon bipolar Mono- : | e 
lithic Microwave Integrated Circuit (MMIC) chip. This Ш 15.5 mil 
MODAMP™ MMIC is designed for use as a general purpose | 
50 Q дат block. Typical applications include narrow and 1 
broad band IF and RF amplifiers in commercial, industrial 
and military applications. 


The MODAMP MSA-series is fabricated using а 10 GHz fç, 
25 GHz fuax silicon bipolar MMIC process which utilizes ni- 





OPTIONAL 
OUTPUT * 


tride self-alignment, ion implantation and gold metallization — | ! 

to achieve excellent uniformity, performance, and reliability. T _—  _ 394 um 

The use of an external bias resistor for temperature arid cur- | 15.5 mil 

rent stability also allows bias flexibility. | unie керін орон tolerances are 
The recommended assembly procedure is gold-eutectic die | Chip thickness ghe um / 4.5 mil. Bond pads 
attach at 400°С and either wedge or ball bonding using 0.7 are 41 ит / 1.6 mil typical on each side. 


| | MEME = * Output contact is made by die attachi 
TYPICAL POWER GAIN vs. FREQUENCY 


ТА = 25°C, lq =17 mA = | | | Турїса! Biasing Configuration 


21 










| Н bias 



















18 = 
„| |! O NIII Vec 27V 
а 12 
5 š RFC (Optional) 
° жн OK C block C block 
ао j| | LEN А т 
_Gainfittooc. | || | [| | {| —ә 
i | 01 03 05 10 30 6.0 


| Frequency, GHz 


Electrical Specifications?, TA = 25°С 








Parameters and Test Conditions?: ld = 17 mA, Zo = 50 Q 


| GP _. Power Gain (|S21/? f20.1GHz . 


AGp Gain Flatness | f 3 0.1 to 0.7 GHz 


Units _ 
БЕГЕН 
| dB — 
[вв |  3dBBandwdh 2) GHz | 
VSWR | Input VSWR f 2 0.1 to 3.0 GHz ИЕ 
итек 
| dBm _ 
| GB _ 
| dBm _ 
psec. _ 





Output VSWR | | f = 0.1 to 3.0 GHz 
Output Power @ 1 dB Gain Compression f = 0.5 GHz 


50 Q Noise Figure f = 0.5 GHz 


| 1Рз [| Third Order Intercept Point f2-0.55GHz = 
бр Group Delay | е 
mV^C 


Notes: 1. This chip contains additional biasing options. The performance specified applies only to the bias option whose bond pads are indicated on the chip outline. 
Refer to the APPLICATIONS section “MODAMP™ Silicon MMIC Chip Use" for additional information. 


2. The recommended operating current range for this device is 13 mA to 25 mA. Typical performance as a function of current is on the following page. 
3. RF performance of the chip is determined by packaging and testing 10 devices per wafer in a dual ground configuration. 


f = 0.5 GHz 


== 
о в 
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MSA-0100 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


^ Absolute 


Part Number Ordering Information 






















ЭК... е 
‚ - Power Dissipation?? 200 mW. | — кыйыгын, | 

RF Input Power +20 dBm MSA-0100-GP2 10 

Junction Temperature ` 200°C MSA-0100-GP4 

Storage Temperature —65?C to 200°C MSA-0100-GP6 





Notes: 

1. Permanent damage may occur if any of these limits are exceeded. 
2. TMOUNTING SURFACE = 25°C 

3. Derate at 22.2 mW/°C for TMOUNTING SURFACE > 191°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. Ls 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. MOUNTING 
SURFACE TEMPERATURE | 


POWER GAIN vs. CURRENT 





f = 0.5 GHz, Id = 17 mA 


Gp, dB 

















° E 
© Е 2 
a в 
9 
: 
© 
d 
Temperature, °C 
OUTPUT POWER @ 1. dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY . 
E 
ae 
© 
: 
9 
г 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters*: Zo = 50 © ТА = 25°С, la = 17 mA 
“GHz Mag Ang dB Mag Ang dB Mag Ag Mag Ang 
_0.1 08 171 190 | 891. 174 -22.7 073 2 40 -11 
0.2 07 161 189 8.82 169 -22.5 075 6 11 -24 
0.3 07 152 18.8 8.72 163 -22.3 077 9 10 -85 
0.4 06 143 18.6 8.56 156 -22.4 076 _ 12 11222-44 
_0.5 06 133 18.5 8.37 2151 -22.1 079 4011 -53 
0.6 05 115 18.2 8.15 146 -21.9 080 19 12 -60 
_0.8 04 84 17.7 7.68 136 -21.3 086 | 22 122 -75 
1.0 04 3 17.1 7.17 126 -20.3 096 26 12 -88 
1.5 08 -39 15.5 5.95 106 -19.3 109 32 10 -107 
2.0 12 -76 13.7 4.86 90 -17.9 427: 32 08 1 -128 
25 16 -102 12.2 4.09 82 -16.9 .142 36 .06 -130 
3.0 .19 -122 10.8 3.47 71 2 —16.4 151 36 06  -125 
3.5 25 -137 94 2.96 60 -15.6 165 34 07-107 
4.0 27 -147 8.2 2.56 51 -15.2 173 | 32 ло -86 
45 28 -157 7.0 2.24 42 -14.8 182 29 13 -80 
50 — 28 -171 6.0 — 2.00 35 -14.4  .190 28 16 -77 


Note: 4. S-parameters are de-embedded from 70 mil package measured data using the package model found in the DEVICE MODELS section. 
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D HEWLETT = Г С 2 MSA-0104 

Ë PACKARD . TEN - MODAMP"" Cascadable Silicon Bipolar · 
Monolithic Microwave Integrated - 
Circuit Amplifiers Е 





Features | : x 04A Plastic Package 
e Cascadable 50 © Gain Block 488 1030 — pj 





12.39: .76 
° Зав Bandwidth: DC to 0.8 GHz 


e High Gain: 17.0 dB typical at 0.5 GHz 
е Unconditionally Stable (k»1) - 
e Low Cost Plastic Package 


ү Г 
Description f 930 yj . | 
The MSA-0104 is a high performance silicon bipolar Mono- _ ,038 DM uu ZZ 
lithic Microwave Integrated Circuit (MMIC) housed in a low 96 || ри г м, 
cost plastic package. This MODAMP™ MMIC is designed for É | 2 Tolerances | Т" 
use as а general purpose 50 (2 gain block. Typical applica- u GROUND in .xxx= +.005 
tions include narrow and broad band IF and RF amplifiers in і Е | тт .хх = +.13 
commercial and industrial applications. | > 2 | | 
Тре MODAMP MSA-series is fabricated using a 10 GHz +, 008 +.002 ` 020 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- 20 t.05 51 . 
tride self-alignment, ion implantation and gold metallization 3 — MER қ. 
to achieve excellent uniformity, performance, and reliability. —— 200 Ж 
The use of an external bias resistor for temperature and cur- ж 54 5.25 
rent stability also allows bias flexibility. E 145 
deus | De — 3.68 — 
TYPICAL POWER GAIN vs. FREQUENCY | 
ТА = 25°C, lq 217 mA Typical Biasing Configuration 


R bias ` 


2 Усс >7У 





) RFC (Optional) 





Frequency, GHz 


Electrical Specifications’, TA = 25°С 


Parameters and Test Conditions: lg = 17 mA, Zo = 500 





| Symbol _ | units _ Max. 
|” E Га Ге ШШ 
22 = 0. 2 | 17.0 

L.4Ge | Gain Flatness 4010060) o | | so |  — 
{sp | 3dBBanwdh — — — | am |  . [| os [о 
VSWR Input VSWR f=01to30GHz{ _ | |m] — 
Output VSWR | =0.110300 | | [Jia | 

Output Power @ 1 dB Gain Compression f = 0.5 GHz | dim | | ]| 15 | 7 
50 Q Noise Figure f = 0.5 GHz | d | j 55 | 
| IP3 o Third Order Intercept Point f = 0.5 GHz | dim | | | 140 | 7 
© | _ Group Delay f=05GHz | psc | || 
Ма | DeviceVoltage У | 45 | so | 55 
aviat | Device Voltage Temperature Coefficient мею | эо |. — 


Note: 1. The recommended operating current range for this device is 13 mA to 25 mA. Typical performance as a function of current is on the following page. 
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MSA-0104 MODAMP™ Cascadable Silicon Bipolar 
.. . Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings Typical Performance, Ta = 25°C 


(unless otherwise noted) 













Parameter 


Absolute 
Maximum! 













DEVICE CURRENT vs. VOLTAGE 










Device Current 40 mA 







Power Dissipation?3 ` 22-200 mW 

RF Input Power +13 dBm Те = 425°C 

Junction Temperature 150°C Te = -25°C — — — — 
Storage Temperature —65?C to 150°C 





14, mA 





Thermal Resistance24: Өс = 100°C/W | 
Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 
2. ТСАЗЕ = 25°С 
3. Derate at 10 mW/°C for Тс > 130°C. 


4. See MEASUREMENTS section “Thermal Resistance” for more 
information. 





OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


f = 0.5 GHz, 4 = 17 mA 


POWER GAIN ve. CURRENT 























A model for this device is available in the DEVICE MODELS section. 
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ea 
= 
Q. 
| o 
9 5 
ч 
8 
o I 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY 
i 
> 
ж 
5.0 
0.1 02 03 05 1.0 2.0 4.0 
Frequency, GHz 
Typical Scattering Parameters: Zo = 50 © | TA = 25°С, Іа = 17 mA 
F б | S21 | | S12 S22 
GHe Mag Ала ` dB Mag Ang dB Mag ` Ang . Mag Ang 
01 ` .06 141 18.4 831 170 —22.3 077 5 07 -9 
02 .08 112 2 18.1 8.07 160 —22.3 077 9 07 -15 
0.3 .10 94 17.8 7.75 151 —22.0 079 15 07 —22 
0.4 .12 77 17.4 _ 7.38 142 —21.6 083 16 07 -32 
0.5 .13 70 169 7.01 134 —21.0 089 19 07 —37 
0.6 214 | 56 16.4 _ 6.60 127 —20.7 092 21. 08 —44 
0.8 .16 41 | 154 587 114 —19.5 106 27 08 -53 
1.0 .17 28 2143. 5.21 _ 102 —18.9 114 29 08 —61 
1.5 .17 5 12.1 4.02 . 78 —16.6 148 30 08 -73 
2.0 .13 -12 10.2 3.25 / 59 -14.9 179 25. 07 -90 
2.5 „08 -20 8.9 2.77 46 —13.6 209 | 25 05 —112 
30 .02 —37 7.7 2.42 »1. —12.7 232 18 05 —134 
3.5 .05 128 6.7 2.15 15 —11.9 253 10 06 —160 
4.0 .12 113 5.7 1.92 -1 —11.3 272 ` 2 06 —175 
4.5 19 97 4.8 1.73 --15 -10.8 289 -7 07 173 
5.0 .27 80 3.9 1.56 -30 -10.6 294 -15 07 150 


“а HEWLETT m | . MSA-0135, -0136 
LA 









PACKARD . BEEN MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 
Features _ 85 micro-X Package’ 
е Cascadable 50 Q Gain Block | = ogs = ^[|GRouNp 


° Зав Bandwidth: DC to 1.2 GHz | |. 245 

е High Gain: 18.5 dB typical at 0.5 GHz 

е Unconditionally Stable (k»1) - 

° Cost Effective Ceramic Microstrip Package RF INPUT 


| 083 _ 
211 DIA. 


RF OUTPUT 
AND BIAS 





Description 





The MSA-0135 is a high performance silicon bipolar Mono- 508 

lithic Microwave Integrated Circuit (MMIC) housed in a cost GROUND 

effective, microstrip package. This MODAMP™ MMIC is de- | | 

signed for use as a general purpose 50 О gain block. Typi- ре otherwise specified) 


cal applications include narrow and broad band IF and RF 


кен ате Ж $ ale sin | 1. Dimensions аге МП. 

amplifiers in industrial and military Nm 057 + 010 | EPI 
The MODAMP MSA-series is fabricated using a 10 GHz fr, шәй | in .xxx = t.005 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- | Y mm xx = 2.13 
tride self-alignment, ion implantation and gold metallization Y | mm > = 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- | | | 
rent stability also allows bias flexibility. ` | 022 | 286 1490 z 
Available in cut lead version (package 36) as MSA-0136. | ME ein hie 

115 5 05 

TYPICAL POWER GAIN vs. FREQUENCY | 
Typical Biasing Configuration 
R bias 
4 Усс 27V 






Gp, dB 


RFC (Optional) 


C block 


[——o our 





Frequency, GHz 


Electrical Specifications?, TA = 25°С 


[ Ge [Power Gain (92109. =01GHz | dB | 180 | 190 | 

AGP |  GaiFltness 2  f-01t06GHz| dB | _ +1. 

“Һа | заваа | Gm | ] 2 |  — 
UNE 





узуп [L nptvswa — — ü f-01t030GHz| [ | 131 - 
[ OuptVSWH волю [| [| 5: | 
Output Power (9 1 dB Gain Compression f = 0.5 GHz | dim | |5 |] | 
50 A Noise рш  - - гован | æ | | s T —— 
|Рз Third Order Intercept Point f-0.GHz | dBm | | 40 | 
| tp | Group Delay | += 0.5 GHz. | pec | | | teo БИШ 
Vi | DevceVotge У [| 4 | so | 55 - 
-  dV/dT | Device VollageTemperatureCoefiden — ^ Гас | | — | -9o | 


Notes: 1. Short leaded 36 package available upon request. | 
2. The recommended operating current range for this device is 13 mA to 25 mA. Typical performance as a function of current is on the following page. - 
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_ MSA-0135, -0136 MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit abl нанд 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


Absolute Maximum Ratings 















Parameter 


Absolute 
Maximum! 














Device Current 40 mA 









Power Dissipation?? 200 mW DEVICE CURRENT vs. VOLTAGE 
RF Input Power +13 dBm 

Junction Temperature 200°С 

Storage Temperature^ —65?C to 200°C 






Notes: 


1. Permanent damage may occur if any of these limits are exceeded. 
2. ТСАЗЕ = 25°С 

3. Derate at 6.7 mW/°C for Tc > 170°C. 

4 


. Storage above +150°C may tarnish the leads of this package 

making it difficult to solder into a circuit. 

. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 





л 


OUTPUT POWER @ 1 dB GAIN COMPRESSION ` 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


f = 0.5 GHz, lq = 17 mA 


POWER GAIN vs. CURRENT 





















в — = NEAN НІК 
" аш 
© PNE 
MN i 
| — 
Š =. қ 
E — 
š КІШ 
-2 55 25 +25 +85 — 4125. 
19, mA Temperature, ^C 
OUTPUT POWER Q 1 dB GAIN COMPRESSION | 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
7.0 : 
КЕНЕ 
ЖИЕН! 
ET 
1215 
ІГГТТІ 
| x 0.1 02 03 0.5 1.0 2.0 4.0 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 © ТА = 25°С, la = 17 mA 
511 S21 | $12 _ | "E | S oOo 
Freq. Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
_0.1 08 158 19.1 9.01 172 -23.0 071 3 07 -2 
_ 0.2. .08 134 18.9 8.84 165 —22.4 .076 . 6 .07 —10 
_ 0-3 .08 116 18.7 8.65 157 —22.5 .075 12 | 07 | —10 
_ 0.4 .08 97 18.5 8.40 _ 150 —22.2 .078 13 ..07 —15 
0.5 .09 83 18.2 8.13 143 —21 T .082 16 .07 —17 
06 .09 68 17.9 7.84 136 —21.6 .083 217 .07 —21 
0.8 .11 47 17.2 7.25 125 —20.7 .092 22 .07 -30 
1.0 .11 27 16.5 6.64 113 —19.9 .101 23 .07 —34 
1.5 .11 2-18 14.6 5.37 90 —18.3 .122 2/ .06 —34 
2.0 .09 —62 12.8 4.38 70 —16.8 .144 24 .05 —39 
2.5 .08 —114 11.3 3.67 58 —16.1 .157 24 „03 —61 
3.0 12 --158 10.0 3.15 43 —15.0 .177 20 .03 —67 
35 18 178 8.7 2.72 28 —14.5 .189 14 .05 —88 
4.0 _.21 163 7.5 2.37 15 —14.0 .200 9 .10 —92 
4.5 .23 145 6.4 2.10 2 —13.4 .213 4 .14 —99 
5.0 .27 125 5.5 1.88 —10 —13.2 .220 —2 .15 —102 


A model for this device is available in the DEVICE MODELS section. 


HEWLETT | i MSA-0170 
PACKARD | | Б MODAMP™ Cascadable Silicon Bipolar 
Р T | Monolithic Microwave Integrated | 
. . Circuit Amplifiers 





С 


Features | 70 mil Package 


• Cascadable 50 О Gain Block .040 
° Зав Bandwidth: DC to 1.3 GHz 

° High Gain: 18.5 dB typical at 0.5 GHz 

e Unconditionally Stable (k>1) 

e Hermetic Gold-ceramic Microstrip Package 


GROUND 






RF OUTPUT 


RF INPUT _AND BIAS 






Description 


The MSA-0170 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a her- 
metic high reliability package. This MODAMP™ MMIC is de- 
signed for use as a general purpose 50 Q gain block. Typi- 





Notes: 
(unless otherwise specified) 
1. Dimensions are mm | 
2. Tolerances 


cal applications include narrow and broad band IF and RF 2LIGROUND іп .xxx=t .005 
amplifiers in industrial and military applications. mm .хх = .13 
The MODAMP MSA-series is fabricated using a 10 GHz f;, 004 + .002 070 

25 GHz fuax silicon bipolar MMIC process which utilizes ni- , 10 £ .05 1.70 


tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 


The use of an external bias resistor for temperature and cur- | T | | | 
rent stability also allows bias flexibility. | | 495 + .030 035 
| " 57 t .76 89 


TYPICAL POWER GAIN vs. FREQUENCY 


Typical Biasing Configuration 


R bias 


2 Усс>7М 


——— | LII, 
_ | LLL м 
ү М 

__ | чи 







ВЕС (Optional) 


C block Cblock — 





Frequency, GHz 


Electrical Specifications', TA = 25°С 





Parameters and Test Conditions: Ig = 17 mA, Zo = 500 


| Power Gain (S21) tet GHz | вв | 180 | 1:90 > 
Р dB — 
вн: | 


|+ 
© 
e» 
|+ Е 
— 
© 


АОр Gain Flatness 0.1 to 0.7 GHz 


5 


GHz | [| 13 | 

i Input VSWR [= 0.1 ю 3.0 СН: | | | 133 . 

Output VSWR | 1 = 0.1 ю 3.0 вн? | | | 133 — 

P1 dB Output Power @ 1 dB Gain Compression f = 0.5 GHz | dim | | 15 . 
NF 50 Q Noise Figure | f = 0.5 GHz | dB | || 


Third Order Intercept Point 


55 _ 
| говон | om | | 149 - 
Group Delay | f = 0.5 GHz | psc. | | |. 

Va | Окем У | 45 | s - 
аат | Device Voltage Temperature Coefficient [ме | | 90. 


Note: 1. The recommended operating current range for this device is 13 mA to 25 mA. Typical performance as a function of current is on the following page. 
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MSA-0170 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings Typical Performance, Ta = 25°C 


Absolute (unless otherwise noted) 
Maximum 


















Parameter 





Device Current 











40 mA DEVICE CURRENT vs. VOLTAGE 
Power Dissipation? 200 mW 
RF Input Power +13 dBm 
Junction Temperature 200°C 
Storage Temperature —65?C to 200°C 





























« 
| E 
Thermal Resistance?*: Өс = 125°C/W $ 
Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 
2. TCASE = 25°C 
3. Derate at 8 mW/°C for Tc > 175°C. 
4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section “Thermal Resistance” for more 
information. 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
POWER GAIN vs. CURRENT f = 0.5 GHz, lg = 17 mA 
te 
9 
a 
o 
са 
o tn 
Q. © 
Ó E : 
© z 
a 
= 
d 
lg, mA 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY 
E 
cn tn 
© © 
Е š 
d 
5.0 
| 0.1 02 03 0.5 1.0 2.0 4.0 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 © TA z 25?C, la z 17 mA 
ЕН 511 521 512 522 
HZ Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .08 171 19.0 8.88 173 —22.7 .073 2 .10 —13 
0.2 .07 161 18.9 . 8.77 167 -22.5 075 6 .11 —27 
0.3 .07 152 18.7 _` 8.64 160 —22.3 .077 8 .10 -39 - 
0.4 .06 143 18.5 8.45 153 —22.4 .076 11 .11 —49 
5 .05 133 18.3 — 823 147 —22.0 .079 13 .11 —59 
0.6 .04 115 18.0 7.98 141 —21.8 .081 17 .12 —67 
0.8 .03 79 17.5 7.46 130 —21.2 .087 20 .12 —83 
1.0 .04 —14 16.8 6.90 119 —20.2 .098 23 | .12 -96 
1:5 08 —52 15.0 5.64 96 —19.0 .112 26 .10 —116 
2.0 .12 —87 13.2 . 4.58 78 (0 247.7 .131 24 .08 —134 
5 .15 —112 11.7 3.85 67 —16.7 .147 ‚25 .07 —135 
3.0 .19 —132 10.3 3.27 54 —16.1 .156 22 .07 —129 
3.5 .24 —148 8.9 2.80 41 —15.4 .170 18 .09 —117 
4.0 .26 —159 | T7.7 2.43 29 —15.0 .177 13 .13 —106 
4.5 .27 —170 _ 6.6 2.14 18 —14.7 .184 8 .17 —105 
5.0 .27 175 5.7 1.92 8 —14.3 .192 5 .20 —106 


HEWLETT I |. . .  MSA-0185 
PACKARD | | _ . . MODAMP"" Cascadable Silicon Bipolar 
He ee - Фе №. ы Жы | . . Monolithic Microwave Integrated 

. Circuit Amplifiers Ж 





e 








Features | E | ^ 85 Plastic Package 
e Cascadable 50 © Gain Block | | | 

° 3dB Bandwidth: DC to 1.0 GHz ии — = Ж 

* High Gain: 17.5 dB typical at 0.5 GHz o GROUND [ |4 


е Unconditionally Stable (k>1) 
е Low Cost Plastic Package: — 


RF INPUT AND BIAS 





3 


Notes: . š 
(unless otherwise specified) 


1. Dimensions are Jn. 





Description 


The MSA-0185 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a low 





cost plastic package. This MODAMP™ ММС is designed for m GROUND | | 2 2. Tolerances 
use as a general purpose 50 Q gain block. Typical applica- | in .xxx = +.005 
tions include narrow and broad band IF апа RF amplifiers in /^—|pggs| "= +713 
industrial and military applications. I " -215 
| | | 060 +.010 mM | | 
The MODAMP М$А-зепез is fabricated using a 10 GHz fr, 1.52 + .25 Pe 3 .008 +.002 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- | uL = | 20 £005 . 
tride self-alignment, ion implantation and gold metallization Таар | | 
to achieve excellent uniformity, performance, and reliability. | L= 5 LE 
The use of an external bias resistor for temperature and cur- | 
rent stability also allows bias flexibility. _ | | | PN .500+ XN | 
| „020 12.7 + .76 
TYPICAL POWER GAIN vs. FREQUENCY "HA š е 
ТА = 25°C, 14 =17 mA Typical Biasing Configuration 
21 | | | | x E | 
18 | - R bias 
15 — — | | 
< 12 — i 
со М, Ц 
mt 
| ТЇ 
0 | | 
0.1 0.3 0.5 1.0 3.0 6.0 













Frequency, GHz. 





Electrical Specifications!, ТА = 25°С 












— 
© 
e 
чо | < 
momo 


Parameters and Test Conditions: lg = 17 mA, Zo = 500 | 
Power Gain (|521|2) | f = 0.1 GHz 
| | |. f=0.5 GHz | 

f = 0.1 to 0.6 GHz 










_ Gain Flatness 
_3 dB Bandwidth 
Input VSWR 
Output Power @ 1 dB Gain Compression - 
50 Q Noise Figure | 
Third Order Intercept Point 
Group Delay | ЕНЕ 
Device Voltage | 
` Device Voltage Temperature Coefficient mV^C | 
Note: 1. The recommended operating current range for this device is 13 to 25 mA. Typical performance as a function of current is on the following page. | 


=b 
© 


f 0.1 to 3.0 GHz 
f = 0.1 to 30 GHz | 
f = 0.5 GHz | 
f = 0.5 GHz 
f20.5 GHz 
f = 0.5 GHz 












СІ 14.0 








а. 
< - | 


} 
tr 
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MSA-0185 MODAMP'" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


Absolute Maximum Ratings 





Absolute 








Parameter Maximum! 
Device Current 40 mA | DEVICE CURRENT vs. VOLTAGE 
Power Dissipation?? 200 mW m I. 
RF Input Power +13 dBm 
Junction Temperature 150?C 
| Storage Temperature —65°С to 150°C < 
Notes: | | 
1. Permanent damage may occur if any of these limits are exceeded. | 
2. TCASE = 25°C : 
3. Derate at 9.5 mW/°C for Tc > 129°C. 
4. See MEASUREMENTS section "Thermal Resistance" for more 
information. 
OUTPUT POWER @ 1 dB САМ COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
POWER GAIN vs. CURRENT |. 120.5 GHz, lg = 17 mA 
@ 
© 
а. 
o 
m 
° к 
© Е ^ 
GC 
a 
© 
о” 
Temperature, °С 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
6 
: z 
© ur 
© 2 
в. 





Ба белу. GHz 


Typical Scattering Parameters: Zo = 50 © 
Е 511 $21 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 


















18.4 


8.36 


172 


—22.6 


-17 


0.1 166 

0.2 06 149 18.3 8.20 165 —22.0 .079 8 .07 —28 
0.3 .06 133 18.1 8.01 158 —22.2 .078 11 .08 —43 
0.4 .06 120 17.8 7.78 151 -21.9 080 14 09 -56 
0.5 06 105 17.5 7.93 144 —21.4 .085 18 .09 —68 
0.6 .06 94 17.2 7.23 138 —21.4 .085 19 .09 —75 
0.8 .07 72 16.5 6.66 127 —20.7 .092 24 .10 -89 
1.0 07 49 15.7 6.09 116 —19.7 .104 227 10 -100 
1.5 .07 12 13.8 4.89 94 -18.0 .126 32 .11 —120 
2.0 .04 -13 12.0 3.98 76 -16.2 .154 31 .11 —134 
2.5 .03 -84 10.6 3.38 65 —15.1 175 33 .11 -138 
3.0 07. —159 9.2 2.88 oe —14.2 .194 29 .09 —146 
3.5 .12 —174 8.0 2.50 38 -13.3 216 24 08 -135 
4.0 .16 170 6.8 2.19 26 —12.8 .229 19 .08 -120 
4.5 .21 150 5.7 1.93 14 —12.3 .242 13 .08 -107 
5.0 ‚25 126 4.7 1.72 3 -12.2 .245 —6 07 -110 





А model for this device is available in the DEVICE MODELS section. 
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O HEWLETT MSA-0186 
PACKARD MODAMP™ Cascadable Silicon Bipolar 
2n Monolithic Microwave Integrated 
Circuit Amplifiers 





Же тон Кара. 





Features 86 Plastic Package 


ә Cascadable 50 О Gain Block 
° 3dB Bandwidth: DC to 0.9 GHz | 0.51 neon 







e High Gain: 17.5 dB typical at 0.5 GHz 
e Unconditionally Stable (k>1) ADMI 
e Surface Mount Plastic Package € | E 


е Tape-and-Reel Packaging Option Available! 2.43 (0.107) 


1.96 (0.077) 
GROUND I 

Description 3.05 (0.120) | 
The MSA-0186 is a high performance silicon bipolar Mono- шамы. 
lithic Microwave Integrated Circuit (MMIC) housed in а low | i | 
cost, surface mount plastic package. This MODAMP™ (0.085) 0.25 (0.010) 
MMIC is designed for use as a general purpose 50 © gain элт (9.070) | | 0.15 (0.006) 
block. Applications include narrow and broad band IF and 1.27 (0.050) d 
RF amplifiers in commercial and industrial applications. | 4h 
The MODAMP М$А-зепез is fabricated using a 10 GHz fr, 0.66 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- (0-02) 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. DIMENSIONS ARE IN MILLIMETERS (INCHES) 


The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 


Typical Biasing Configuration 


TYPICAL POWER GAIN vs. FREQUENCY, TA = 25°С 
| | R bias 


9 Усс>7У 








RFC (Optional) 


Gp, dB 


C block C block 


o 


UT 





0.1 03 0.5 1.0 | 30 60 
Frequency, GHz 


ecifications? , TA 25°С 






Parameters and Test Conditions: Iq = 17 mA, Zo = 500 
Power Gain (|521 |2) f = 0.1 GHz 


Gp | 
= | | | | f = 0.5 GHz ` 
Gain Flatness | | f=0.1 to 0.6 GHz | 
| зав | зав Bandwidth mE И GHz 
| VSWR f 2 0.1 .0 GH 
| vswR nput VSWF 0.1 to 3.0 GHz = m 
| Output VSWR f = 0.1 to 3.0 GHz | EN 


Output Power @ 1 dB Gain Compression f = 0.5 GHz 
90 О Noise Figure 


| Pa Third Order Intercept Point _ | x f-05GHz 


Group Delay f = 0.5 GHz 


| Vd | Device Voltage ЕЕ EE ЕЕ 


ауат | Device Voltage Temperature Coefficient 


Notes: 1. Refer to PACKAGING section “Т ape-and-Reel Packaging for Semiconductor Devices". 
2. The recommended operating current range for this device is 13 mA to 25 mA. Typical performance as a function of current is on the following page. 


< 


B 







— — 
— Со = 
oo |3 


Al 
Co : 
^ | — 


= — 
№ 
e 


© 






14. 






4.0 





| mvV/°C 
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MSA-0186 MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


| Absolute | 
Maximum! | 


Absolute Maximum Ratings 



















Parameter 


Device Current 












40 mA 
Power Dissipation?? 200 mW 
RF Input Power +13 dBm 
Junction Temperature 150?C 





For more information, see "Tape and Reel Packaging 


Storage Temperature 
| for Semiconductor Devices", page 14-14. 


—65?C to 150°C 
Thermal Resistance? A Ө = 115°C/W 
Notes: 

1. Permanent damage may occur if any of these limits are exceeded. 
2. ТСАЗЕ = 25°С 


5. Оегае at 8.7 mW/°C for Тс > 127°C. 


4. See MEASUREMENTS section “Thermal Resistance" for more 
information. 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


f = 0.5 GHz, 14= 17 тА 


DEVICE CURRENT vs. VOLTAGE 





























cn 
ч 
s 
<= 
Ë 3 
Ы: 
5 1 | 
is -25 0 +25 +55 +85 
Temperature, °C 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
Leer. 
4 ! ae ES теі 
н в 
А 
о 0 ы 
| 
L 
0.1 02 0.3 0.5 1.0 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 Q TA = 25°С, la = 17 mA 
S11 521 S12 S 22 
Freq. — MÁS | | ———— 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .05 148 18.5 8.39 171 —23.0 .071 4 08 —/ 
0.2 .06 124 18.3 8.22 162 —22.8 .073 9 08 —14 
‚ 0.3 .07 103 18.1 8.03 154 —22.6 074 13 07 —24 
0.4 .08 89 17.7 7.67 146 —22.2 .078 14 07 —31 
0.5 .08 76 17.4 7.42 139 —21.9 „081 17 06 —39 
0.6 .09 66 17.0 7.06 131 —21.4 .085 21 06 —47 
0.8 .10 50 16.2 6.47 119 -20.5 „094 25 07 —67 
1.0 .10 35 15.3 5.83 107 —19.6 .105 29 07 —89 
1.5 .07 12 13.2 4.57 83 —17.7 131 30 08 —165 
2.0 .02 —12 11.3 3.67 64 —16.1 .157 27 08 156 
2.5 .06 165 9.8 3.09 50 —14.8 .182 24 08 134 
3.0 .14 150 8.3 2.60 34 —13.9 .202 19 09 124 
3.5 .23 137 7.0 2.24 20 —13.4 .213 12 09 117 
4.0 431 125 5.7 1.93 6 —13.0 .223 5 .09 114 
5.0 45 105 3.3 1.46 —17 —12.7 .231 —5 .09 132 


A model for this device is available in the DEVICE MODELS section. 
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(2 HEWLETT ü MSA-0200 
4. PACKARD ` | | MODAMP"" Cascadable Silicon Bipolar 
| Monolithic Microwave Integrated 
Circuit Amplifiers 





Features B z Chip Outline! 


• Cascadable 50 О Gain Block š NOT Guilt Sides 
e 3dB Bandwidth: DC to 2.8 GHz | 
е 12.0 dB typical Gain at 1.0 GHz E 
e Unconditionally Stable (k>1) 









Description 


The MSA-0200 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) chip. This 
MODAMP™ MMIC is designed for use as a general purpose 
50 < gain block. Typical applications include narrow and GROUND | 
broad band IF and RF amplifiers in commercial, industrial 
and military applications. 


The MODAMP MSA-series is fabricated using a 10 GHz f,, 
25 GHz fux silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 


394 um 
15.5 МИ - 


OPTIONAL 
OUTPUT * 


Unless otherwise specified, tolerances are 


- in ci *i3um/ +0.5 mils. | 
The recommended assembly procedure is gold-eutectic die Chip thicknéss la 134 ит / 4.5 mil. Bond pads 
attach at 400°С and either wedge or ball bonding using 0.7 are 411m / 1.6 mil typical on each side. 
mil gold wire. See APPLICATIONS section, "Chip Use". * Output contact is made by die attaching 


the backside of the die. 


TYPICAL POWER GAIN vs. FREQUENCY 


Typical Biasing Configuration 


R bias 
nx A—— Усс>7У 
" | 
m | 
1 НЕС (Optional) 
C block 2 | Сыоск 
м of OUT 





Frequency, GHz 
Electrical Specifications’, Ta=25°C с 


Parameters and Test Conditions:: lq = 25 mA, Zo = 50 Q 





Power Gain (|621|2) 
GainFlatness — 
| fsdB | ЗаВВапдмйт | 
 vswn | призма —— 
| PidB | Output Power @ 1 dB Gain Compression 
СО МЕ 50 Q Noise Figure | mE | 
Third Order Intercept Point | | 
GroupDeay ^^ = — —— Ta 
| dVdT | Device Voltage Temperature Coefficient |] -80 | MUN 


Notes: 1. This chip contains additional biasing options. The performance specified applies only to the bias option whose bond pads are indicated on the chip outline. 
Refer to the APPLICATIONS section “MODAMP™ Silicon MMIC Chip Use" for additional information. 
2. The recommended operating current range for this device is 18 mA to 40 mA. Typical performance as a function of current is on the following page. 
3. RF performance of the chip is determined by packaging and testing 10 devices per wafer in a dual ground configuration. ЭА 


Р1 ав 
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Absolute Maximum Ratings | 


















Absolute 


Parameter Maximum! 













Device Current 60 mA 
Power Dissipation?3 325 mW - 
RF Input Power +13 dBm 
Junction Temperature 200°C . 
Storage Temperature 





Thermal Resistance?*: Өү = 35"C/W __ 


Notes: 


1. Permanent damage may occur if any of these limits are exceeded. | 


2. TMOUNTING SURFACE = 25?C 
5. Derate at 28.6 mW/°C for THOUNTING SURFACE > 189°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


Gp, dB 


| P4 dB: dBm 





Frequency, GHz 





S11 521 
pre Mag Ang _ dB Mag Ang 
0.1 EET 179 12.6 4.27 177 
0.2 11 174 12.6 4.26 172 
0.4 10 170 12.5 4.24 165 
0.6 09 166 12.5 4.22 158 
0.8 08 162 12.4 4.17 152 
1.0 06 161 12.3 4.13 144 
"45 > 02 170 12.0 3.99 126 
2.0 105 -105 11.5 3.74 109 
2.5 10 -103 10.8 3.46 97 
3.0 17 -і24 9.8 3.10 83 
3.5 22 -137 87 271 68 
40 26 —144 74 2.35 55 
5.0 29 -165 5.1 1.80 35 
60 . 33 162 _ 3.3 1.46 20 





Note: 4. S-parameters are de-embedded from 70 mil packa 





MSA-0200 MODAMP™ Cascadable Silicon Bipolar 
mE Monolithic Microwave Integrated Circuit Amplifiers 












—65?C to 200°C | 
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Part Number Ordering Information 










Part Number | Devices Per Tray 
MSA-0200-GP2 | 040. 
MSA-0200-GP4 1004 
MSA-0200-GP6 upto 300 ^^ | 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


OUTPUT POWER @ 1 dB GAIN COMPRESSION 


NOISE FIGURE AND POWER GAIN vs. MOUNTING 
SURFACE TEMPERATURE 





Temperature, °C 


NOISE FIGURE vs. FREQUENCY 










id= 18 mA | 
Id= 25 mA | 
la= 40 mA 








ge measured data using the package model found in the DEVICE MODELS section. 


Š 
u 6.5 
= 
6.0 
5.5 — och 
0.1 02 03 0.5 1.0 2.0 4.0 
Frequency, GHz 
TA = 25°С, la = 25 mA 
512 | — So _ 
dB Mag Ang Mag Ang 
-18.4 120 1 11 E 
—18.6 ‚117 4 11 —12 
—18.4 .120 5 .12 —25 
—18.2 123 7 13 -38 
-18.2 .123 10 | .13 —47 
—18.0 .126 13 .14 —55 
—17.3 .137 17 | .15 —72 
—16.4 .152 _ 20 .15 —89 
—15.8 .163 25 13 —91 
—15.3 .172 26 .11 —100 
—14.7 .184 22 .13 —94 
—14.3 .192 |. 22 .16 —85 
—13.8 .203 17 .22 —76 
—13.5 .211 14 .23 _—82 





Ú HEWLETT | MSA-0204 

[В PACKARD | MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers | 





Features 04A Plastic Package 
e Cascadable 50 Q Gain Block ..488 +.030 
12.39 + .76 


e 3dB Bandwidth: DC to 1.8 GHz 






4 AN GROUND 

е 11.0 dB typical Gain at 1.0 GHz өші 
° Unconditionally Stable (k>1) | чо 4.29 
e Low Cost Plastic Package 1. 

RF INPUT RF OUTPUT 
Description | 03020 3 
The MSA-0204 is a high performance silicon bipolar Mono- шү Notes: 
lithic Microwave Integrated Circuit (MMIC) housed in a low oer (unless otherwise specified) 


1. Dimensions are n 


cost plastic package. This MODAMP™ MMIC is designed for 

































à; mm 
use as a general purpose 50 Q gain block. Typical applica- GROUND 2. DIM Dos 
tions include narrow and broad band IF and RF amplifiers in mm xx= + 13 
commercial and industrial applications. 
Тре MODAMP MSA-series is fabricated using а 10 GHz fr, 008 +002 | 020 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- 700 £ 05 751 
ігіде self-alignment, ion implantation and gold metallization l | Y 
to achieve excellent uniformity, performance, and reliability. i 100 5.010 
The use of an external bias resistor for temperature and cur- 4 2.54 *.25 
rent stability also allows bias flexibility. x 145 4” 
3.68 
TYPICAL POWER GAIN vs. FREQUENCY 
TASES Gld 2S MA Typical Biasing Configuration 
R bias 
9 Усс>7У 
Š 
9 RFC (Optional) 
C block C block 
IN о Но OUT 
Frequency, GHz 
Electrical Specifications', TA = 25°C Б 
| Symbol _ units | ма | тур | мах 
GP f 2 0.1 GHz 12.5 
f 2 0.5 GHz | 10.0 12.0 
| I | f 2 1.0 GHz 11. | 
AGP | Gain Flatness f-01t014GHz | dB | — [| so | — — 
3 dB Bandwidth oe | | 1 | — 
n Input VSWR | f-01t030GHz | J — | 131 | — 
Output VSWR _ f=O01to30GHz | J | 131 | — 
Output Power Q 1 dB Gain Compression ое: | dim | [4 | — 
50 Q Noise Figure — — оне — | d | | $5 |  _ 
Third Order intercept Point ов — | dem | | wo | 
ECKEN Em —  1-10GHz | pec |  — | 1 | 
Device Voltage Lov | 45 | 50 | 55 | 
dV/dT | Device Voltage Temperature Coefficient mwe] |-[ 





Note: 1. The recommended operating current range for this device is 18 mA to 40 mA. Typical performance as a function of current is on the following page. 


MSA-0204 MODAMP™ Cascadable Silicon Bipolar 
_ Monolithic Microwave Integrated Circuit Amplifier 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


Absolute Maximum Ratings 















Absolute 
Maximum 






Parameter 


















Device Current. mm 60 mA DEVICE CURRENT vs. VOLTAGE 
Power Dissipation?? 325 mW | T cem 

RF Input Power +13 dBm 

Junction Temperature 150°С 





_ Storage Temperature _ _ | -65°С to 150°C 


lg, mA 





Notes: 
1. Permanent damage may occur if any of these limits are exceeded. | 


2. TCASE = 25°C 
3. Derate at 11.1 mW/°C for Tc > 121°C. 


4. See MEASUREMENTS section “Thermal Resistance” for more 
information. 





OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


POWER GAIN vs. CURRENT f = 1.0 GHz, ig = 25 mA 


NF, dB 





Temperature, °C 


OUTPUT POWER @ 1 dB GAIN COMPRESSION 


vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 





P4 ав. dBm 
NF, dB 





"05 71,0 2.0 4.0 


Frequency, GHz ME es 

















A model for this device is available in the DEVICE MODELS section. 
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Typical Scattering Parameters: Zo = 50 О ТА = 25°C, la = 25 mA 

| S11 $21 912 522 
Gre Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 12 170 12.5 4.20 174 —18.5 119 2 12 -7 
0.2 12 160 12.4 4.16 168 —18.5 119 4 12 -14 
0.4 11 140 12.2 4.05 156 -18.1 124 6 12 -29 
0.6 11 121 11.9 3.93 144 -17.9 127 8 ` .12 -42 
0.8 10 104 11.6 3.78 134 -17.6 132 12 12 -52 
1.0 10 84 11.2 3.62 123 -17.0 142 14 13 61 
1.5 09 42 10.2 3.22 99 -16.1 157 16 12 -79 
2.0 07 16 9.4 2.86 77 -14.8 181 15 11 -96 
2.5 05 17 8.2 2.57 63 —13.9 202 16 09 —115 
3.0 02 95 7.3 2.32 46 -13.2 220 13 08 -141 
3.5 08 112 6.5 2.12 29 —12.4 239 7 09 -167 
4.0 14 100 5.7 1.93 12 —11.8 258 0 11 171 
5.0 35 72 4.0 1.58 -22 -11.2 276 -15 17 120 
6.0 59 51 1.6 1.20 —54 -11.3 272 -33 .32 80 


HEWLETT 
PACKARD 


Ф 


MSA-0235, -0236 

MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 





Features 


Cascadable 50 © Gain Block 

З dB Bandwidth: DC to 2.7 GHz 

12.0 dB typical Gain at 1.0 GHz 
Unconditionally Stable (k»1) 

Cost Effective Ceramic Microstrip Package 





Description 


The MSA-0235 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a cost 
effective, microstrip package. This MODAMP™ MMIC is de- 
signed for use as a general purpose 500 gain block. Typical 
applications include narrow and broad band IF and RF am- 
plifiers in industrial and military applications. 


The MODAMP MSA-series is fabricated using a 10 GHz fr, 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 


Available in cut lead version (package 36) as MSA-0236. 


TYPICAL POWER GAIN vs. FREQUENCY 
ТА = 25°С, Ig 225 mA 


Gp, dB 





Frequency, GHz 


Electrical Specifications", ТА = 25°C 


Symbol Parameters and Test Conditions: ld = 25 n mA, 20 = 


о | 
i 


Power Gain (ISe1l?)- 

Gain Flatness 
Input VSWR 

Output VSWR  — 
_ Output Power @ 1 dB Gain Compression 
Group Delay — — 
Device Voltage 

dV/dT Device Voltage Temperature Coefficient 

Notes: 1. Short leaded 36 package available upon request. | 


G) 


< | > 
| | 9 | 


ЇЗ dB 
VSWR 


Pid dB 


< 
T 


сә 


p 


О. 


{= 0.1 to 1.6 GHz 


| (501 юзо GHz 


35 micro-X Package’ 


085 4 GROUND 
2.15 
.083 
2 11 DIA. 
RF OUTPUT 
RF INPUT - AND BIAS 





GROUND 


Notes: 
(unless otherwise specified) 


1. Dimensions are -- 


mm 
2. Tolerances 
in .xxx = +.005 
mm .хх = +.13 


Typical Biasing Configuration 


R bias 


4 Vcc>7 V 






RFC (Optional) 


90 Q _ 
f = 0.1 GHz 


f = 0.1 to 3.0 GHz 


dBm 
| 65 — 
dem [ v0 _ 


2. The recommended operating current range for this device is is 18 mA to 40 mA. Typical performance as a function of current is on the following page. 
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MSA-0235, -0236 MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings Typical Performance, T4 = 25°С 


Absolute (unless otherwise noted) 
| 


Device Current 60 mA 












































. Power Dissipation?3 325 mW DEVICE CURRENT vs. VOLTAGE 
RF Input Power +13 dBm 
Junction Temperature 200°С 
Storage Temperature^ | —65°С to 200°С 
< 
E 
Notes: | 5 
1. Permanent damage may occur if any of these limits are exceeded. 
2. ТСАЗЕ = 25?C 
3. Derate at 6.9 mW/°C for Tc > 153°C. 
4. Storage above +150°С may tarnish the leads of this package 
making it difficult to solder into a circuit. 
5. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. | 
iis OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
POWER GAIN vs. CURRENT f = 1.0 GHz, lq = 25 mA 
m 
© 
d. 
9 
e 
а. 
Е 
о © E 
e LL. 
о < 
© 
d 
lg, mA Temperature, °С 
OUTPUT POWER ( 1 dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
id= 18 mA 
72 (а= 25 mA 
Е | ids 
š в 19= 40 mA 
Š $ 
T 
Frequency, GHz | Frequency, GHz 
Typical Scattering Parameters: Zo = 50 0 ТА = 25°С, la = 25 mA 
| А | S11 S21 S12 S22 
GHI Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0:1 .08 170 12.6 4.25 176 —18.6 .118 2 16 —6 
0.2 .08 163 12.5 4.23 171 —18.5 .119 2 15 —10 
0.4 .08 147 12.5 4.19 161 —18.4 .120 4 15 —21 
0.6 .08 130 12.4 4.14 152 —18.3 .121 4 15 -30 
0.8 .07 112 12.2 4.09 143 —18.1 .125 7 15 -39 
1.0 07 91 12.1 4.02 134 -18.0 .126 10 .15 —46 
1.5 .06 47 11.6 3.80 112 —17.3 137 11 .13 -66 
2.0 03 —1 11.0 3.53 91 —16.3 .153 10 .11 -89 
2.5 03 -115 10.2 3.24 75 -15.4 .169 12 .09 —111 
3.0 .09 —157 9.3 2.92 57 —15.1 .176 8 .08 —127 
3.5 .16 —175 8.3 2.60 39 —14.4 .190 3 .09 —129 
4.0 .20 173 7.2 2.29 23 —14.1 .198 =e 11 —118 
5.0 .27 136 5.2 1.81 —6 —13.5 .211 —11 .15 —117 
6.0 41 94 3.2 1.44 -33 —13.5 .212 —24 Al —148 


A model for this device is available in the DEVICE MODELS section. 
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РУ HEWLETT 
k. J PACKARD 





MSA-0270 

MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 





Features | 


e Cascadabie 50 О Gain Block - 

e ЗОВ Bandwidth: DC to 2.8 GHz 

e 12.0 dB typical Gain at 1.0 GHz 

е Unconditionally Stable (k»1) 

e Hermetic Goid-ceramic Microstrip Package 





Description 

The MSA-0270 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a her- 
metic, high reliability package. This MODAMP™ ММС is 
designed for use as a general purpose 50 © дат block. 
Typical applications include narrow and broad band IF and 
RF amplifiers in industrial and military applications. 


Тре MODAMP MSA-series is fabricated using а 10 GHz К, 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 


TYPICAL POWER GAIN vs. FREQUENCY 
_ТА=25°С, м mA 


12 | mm ES EMEN киш. 


" =a 





Frequency, GHz ` 


Electrical Specifications , ТА = 25°С 


Power Gain (182113) ^^ ^ 

| Gain Flatness _ | END 

= Input VSWR _ eee 

_ Output VSWR_ T = 
Output P Power © 1 dB Gain Compression 


| Group Delay 

Г. ` Device Voltage Imm | 
| x | Device Voltage Temperature Coefficient _ и 
Note: (d. The recommended operating current range for this device is 18 mA to 40 mA. Typical performance a as a function of current is on the following page. 
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| Parameters and Test Conditions: РЕ 25 mA, А, Zo = = | EE 
— f-01GHz | 
| 1 = 0.1 to 1.8 GHz | 








ал юзовна 1 БЕНЕН БЕНЕН a — 
-e et 

Н БӨТЕН ЖЕ “Жк X ИТ 

[mvc || so | 


70 mil Package 


| GROUND 






020 
508 
RF OUTPUT 
AND BIAS 






Notes: 
(unless otherwise specified) 
1. Dimensions are mm 

| 2. Tolerances 

| GROUND in .xxx =+ .005 
| mm.xxzt .13 


004 202 


m 495 + .030 
3257: 76 


H- Š 


» — 1 145 


Typical Biasing Configuration 


R bias 


=“) Vcc27V 






) RFC (Optional) 


C block 


о 


UT 


EM 


20 O Units 


13.5 


d +1.0 


G) 
Tio 


Z 


Cun [wm [7 
е | us | 
Le] 


MSA-0270 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


Absolute 


Typical Performance, Ta = 25°C 
(unless otherwise noted) 
































Device Current 60 mA mE | 
_ Power Dissipation23 325 mW DEVICE CURRENT vs. VOLTAGE 
RF Input Power +13 dBm ш 
Junction Temperature 200°С i | py a 
Storage Temperature —65°С to 200°C 30 


Thermal Resistance?^: Өс = 120°C/W 


Notes: 

1. Permanent damage may occur if any of these limits are exceeded. 
2. TCASE = 25°С 

3. Derate at 8.3 mW/°C for Tc > 161°C. 0 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Ujc than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


lg, mA 
һә 
о 


OUTPUT РОМЕН Q 1 dB GAIN COMPRESSION | 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


POWER GAIN vs. CURRENT f = 1.0 GHz, іч = 25 mA 








co 
ч 
а. 
(5 
m 
© 
= 
E co 
5 9 
ж LL. 
m 2. 
© 
а 
-55 25 +25 +85 +125 
Temperature, °С 
OUTPUT POWER Q 1 dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
E 
m m 
= © 
- қ 
Е 2 
о 





5 М 
0.1 0.2 0.3 0.5 1.0 2.0 4.0 
Frequency, GHz 


Frequency, GHz 





Typical Scattering Parameters: Zo = 50 © ТА = 25°C, la = 25 mA 


511 | | 521 512 522 
Peu Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
_ 0.1 11 179 - 12.6 4.26 176 |—18.4 .120 1 .12 -8 
0.2 .11 174 12.6 4.24 171 —18.6 .117 3 .12 —15 
0.4 .10_ 169 12.5 4.21 162 —18.4 .120 4 .13 —90 
0.6 .09 165 12.4 4.17 154 —18.2 .123 5 14 —44 
0.8 .08 161 12.3 4.11 146 —18.2 .123 ra .14 —55 
1.0 .06 161 12.2 4.05 137 —18.0 .126 9 .15 —64 
1.5 _ 02 —150 1. 3.85 116 —17.2 .138 _ 11 .16 —84 
2.0 .06 —110 11.1 3.5/ 96 —16.3 .153 11 .16 —102 
2.5 .11 -112 10.3 3.27 82 —15.7 165 14 .14 —106 
3.0 .17 —134 9.3 2.92 65 —15.2 .174 12 AS —114 
39 22 -147 8.2 2.56 48 —14.7 .185 6 .15 —111 
4.0 .26 —156 7.0 2.23 33 —14.3 .192 3 .19 —107 
5.0 .28 —179 4.7 1.72 8 —14.0 .199 -6 .27 —107 
6.0 |». „30 143 3.0 1.41 -13 —13.8 .204 —14 29 —119 


A model for this device is available in the DEVICE MODELS section. 
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Сл HEWLETT . m |... MSA-0285 
PACKARD | 222 MODAMP"" Cascadable Silicon Bipolar 
.. Monolithic Microwave Integrated 
Circuit Amplifiers 


vwwwwS wc rr c a 


Features 85 Plastic Package 
e Cascadable 50 Q Gain Block | | | 

e 3dB Bandwidth: DC to 2.6 GHz — = 020 

e 12.0 dB typical Gain at 1.0 GHz GROUND (14 





e Unconditionally Stable (k>1) 


e Low Cost Plastic Package 


RF OUTPUT 


RF INPUT AND BIAS 





Description 


The MSA-0285 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a low 
cost plastic package. This MODAMP™ MMIC is designed for 


3 


Notes: | 
(unless otherwise specified) 


1. Dimensions are in- 





use as a general purpose 50 Q дат block. Typical applica- GROUND|]2 2. DE ыы 
tions include narrow and broad band IF and RF amplifiers in | | mm .xx = + 13 
industrial and military applications. | uu 085 Z2 | 
The MODAMP MSA-series is fabricated using a 10 GHz fr, 4060 $019 —" 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- | МІЗ 20 + 05 
tride self-alignment, ion implantation and gold metallization 


to achieve excellent uniformity, performance, and reliability. + —— o k z: 
The use of an external bias resistor for temperature and cur- | l | 
rent stability also allows bias flexibility. \ A | 500+ .030 | 


6% 127 + 76 
.51 


TYPICAL POWER GAIN vs. FREQUENCY 
ТА = 25°С, 14 =25 mA Typical Biasing Configuration 


Я bias 


Vcc27 V 





Gp, dB 


RFC (Optional) 






C block - C plock 





_ Frequency, GHz 


Electrical Specifications', TA = 25°С 
| Symbol | Parameters and Test Conditions: lg = 25 mA, Zo = 500 | 


GP Power Gain (|S211?) f = 0.1 GHz 
| | f = 1.0 GHz 


| AGP Gain Flatness f = 0.1 to 1.6 GHz 
вав |  34dBBandwidth 


, Unis - 
| dB __ 
| GHz — 
Input VSWR f2011030GHz|] | | 
Output VSWR f-0.11030GHz | — 
| Pig |  OutputPowerG 1 dB бат Compression — f-10GHz _ | dBm - 
90 © Noise Figure f = 1.0 GHz | dB _ 

| dBm | 

| рзес. _ 


| P3 . Third Order Intercept Point _ {= 1.0 GHz 
| tp | Group Delay f = 1.0 GHz 


dV/dT Device Voltage Temperature Coefficient mvV/°C | 20 2 


Note: 1. The recommended operating current range for this device is 18 mA to 40 mA. Typical performance as a function of current is on the following page. 
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MSA-0285 MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Typical Performance, T4 = 25°С 


(unless otherwise noted) 


Absolute Maximum Ratings - 


Absolute 


Device Current | 60 mA 








DEVICE CURRENT vs. VOLTAGE 













Power Dissipation?3 325 mW 
RF Input Power +13 dBm 
Junction Temperature 150°С 





Storage Temperature —65?C to 150?C 


Iq, mA 





Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 


2. ТСАЗЕ = 25°С 
3. Derate at 10.5 mW/°C for Tc > 119°C. 


4. See MEASUREMENTS section "Thermal Resistance" for more 
information. 





OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE | 


POWER GAIN vs. CURRENT f = 1.0 GHz, lq = 25 mA 














A model for this device is available in the DEVICE MODELS section. 


co 
© 
a. 
o 
m 
© 
5 
Š : 
: u” 
m |. 
© 
T 
Temperature, °C 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
E 
© m 
ё š 
= 
5.5 
0.1 02 0.3 0.5 1.0 2.0 4.0 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 O ТА = 25°C, la = 25 mA 
" S11 | S21 $12 S22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .10 174 12.6 4.25 175 . —18.6 .118 2 .14 —7 
0.2 .10 168 12.5 4.22 171 —18.5 .119 3 | 13 —12 
0.4 .10 157 12.4 4.17 161 —18.3 .122 6 14 —26 
0.6 .09 143 12.3 4.10 153 —18.3 .121 7 14 —38 
0.8 .08 132 12.1 4.03 144 —18.0 .126 11 14 —48 
1.0 .08 122 11.9 3.95 135 —17.5 .133 12 14 —60 
1.5 .04 95 11.4 3.70 115 —17.0 142 16 .13 —85 
2.0 .02 | 417 10.6 3.40 95 —16.0 .158 17 .12 -110 
2.5 .05 —173 9.9 3.11 82 —15.0 177 20 12 —128 
3.0 12 —175 8.9 2./8 65 —14.7 .185 19 11 —148 
3.5 .16 179 7.9 2.49 49 —14.0 .199 14 .10 —145 
4.0 .21 169 6.9 2.22 35 —13.7 .207 11 .10 —134 
5.0 .28 139 5.0 1.77 9 —13.0 .224 4 .12 —118 
6.0 .41 100 3.0 1.42 —16 —12.9 .226 -5 ` .09 —154 
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O HEWLETT |... MSA-0286 
@ PACKARD | | TEE MODAMP"" Cascadable Silicon Bipolar 
| | Monolithic Microwave Integrated 
Circuit Amplifiers | 








Features TE | 86 Plastic Package 


е Cascadable 50 © Gain Block — | | _ оиа h 

° Зав Bandwidth: DC to 2.5 GHz E 

е 12.0 dB typical Gain at 1.0 GHz олып 
e Unconditionally Stable (k»1) - RF INPUT AND DC BIAS 
e Surface Mount Plastic Package | 

° Tape-and-Reel Packaging Option Available! 








2.43 (0.107) 
1.96 (0.077) 


s GROUND | 
Description | | IM 
The MSA-0286 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a low IM 
cost, surface mount plastic package. This MODAMP™ | | 0.25 (0.010) 


MMIC is designed for use as a general purpose 50 Q gain 1,77 (0.070). 01000006) 


block. Applications include narrow and broad band IF and pero d 
RF amplifiers in commercial and industrial applications. a 
The MODAMP MSA-series is fabricated using a 10 GHz fr, сс 

25 GHz fmax silicon bipolar MMIC process which utilizes ni- | 
tride self-alignment, ion implantation and gold metallization DIMENSIONS ARE IN MILLIMETERS (INCHES) - 


to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 


Typical Biasing Configuration 


TYPICAL POWER GAIN vs. FREQUENCY, Ta = 25°C 
R bias 


> Vcc27V 





















Y 
b 


6.0 


са 
о 8 
б. RFC (Optional) 
o 6 ld = 18 тА —— ~m | 
А Id = 25 тА | | _ C block C block © 
а= 40 ПА | | 
2 IN OUT 
0 





а= BE 

Кс | || f JI 

0.1 0.3 0.5 1.0 3.0 
Frequency, GHz 


Electrical Specifications?, TA = 25°С 
| Symbol | Parameters and Test Conditions: ld = 25 mA, Zo = 500 


Gp Power Gain (|S21l?) f = 0.1 GHz 

f = 1.0 GHz 
Gain Flatness | | _ fz 0.1 to 1.6 GHz | dB | 
| fedB | Зав Bandwidth | | GHz - 
Input VSWR f-0.111030GHz| |. 
iud — 


Output VSWR f 2 0.1 to 3.0 GHz 





— 
гм 
= 


Notes: 1. Refer to PACKAGING section "Tape-and-Reel Packaging for Surface Mount Semiconductors". 
2. The recommended operating current range for this device is 18 mA to 40 mA. Typical performance as a function of current is on the following page. 


MSA-0286 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


| Absolute 


60 mA 
325 mW 
+13 dBm 
150?C 
—65°С to 150°С 


Device Current 
Power Dissipation23 
RF Input Power 


Junction Temperature 
Storage Temperature 


Notes: 





1. Permanent damage may occur if any of these limits are exceeded. 


2. [CASE = 25°C 


3. Derate at 9.5 mW/°C for Тс > 116°C. 
4. See MEASUREMENTS section “Thermal Resistance" for more 


information. 


lg, mA 


DEVICE CURRENT vs. VOLTAGE 


OUTPUT POWER Q 1 dB GAIN COMPRESSION 
mE vs. FREQUENCY 


P4 ав. dBm 








Part Number Ordering Information 





Part Number Devices Per Reel 


MSA-0286-TR1 1000 . T 
MSA-0286-TR2 4000 13" 


For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 





Typical Performance, TA = 25°С 


(unless otherwise noted) 


OUTPUT POWER Q 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


f = 1.0 GHz, 14= 25 mA 


Gp, dB 
кә 
NF, dB 


P4 dB: dBm 
Ф» 





Temperature, °C 


NOISE FIGURE vs. FREQUENCY | 


NF, dB 








A model for this device is available in the DEVICE MODELS section. 
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9o 0.5 1.0 2.0 4.0 | 
Frequency, GHz Frequency, GHz 

Typical Scattering Parameters: Zo = 50 © ТА = 25°С, lg = 25 mA 

| Freq. S 11 | 921 512 522 | 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .10 171 12.5 4.22 175 —18.5 .119 1 .16 —5 
0.2 .10 161 12.5 4.20 170 —18.3 .121 3 .16 —11 
0.4 .10 144 12.4 4.16 159 —18.2 .122 6 .15 —24 
0.6 .09 . 129 12.2 4.09 149 —18.0 .126 6 .15 —36 
0.8 .08 119 12.1 4.01 139 —18.0 127 9 .14 —48 
1.0 .08 108 11.9 3.91 129 —17.4 .135 8 .14 —62 
1.5 .06 111 11.3 3.67 106 —16.5 .149 12 .11_ —99 
2.0 .08 141 10.5 3.35 _ 84 —15.7 ‚164 11 11 —141 
2.5 .14 _ 150 9.6 3.01 67 —14.8 .182. 9 .12 --176 
3.0 .21 142 8.6 2.68 48 —14.3 .194 5 .13 155 

23.5 29 _ 132 7.5 2.37 30 —14.0 .200 1 .14 140 
4.0 .36 121 6.4 2.09 15 —13.5 211 —3 .16 134 
5.0 50 101 4.1 1.61 —12 —13.3 216 —12 20 132 





O HEWLETT ! mM MSA-0300 
eZ PACKARD _ | . | MODAMP"" Cascadable Silicon Bipolar 
... Monolithic Microwave Integrated 
Circuit Amplifiers И 





Features | i | Chip Outline! 


e Cascadable 50 © Gain Block 

° 3dB Bandwidth: DC to 2.8 GHz 
e 12.0 dB typical Gain at 1.0 GHz 

° 10.0 dBm typical Р ав at 1.0 GHz 


NOT APPLICABLE 








INPUT 


Description 

The MSA-0300 is a high performance silicon bipolar Mono- | 394m | 
lithic Microwave Integrated Circuit (MMIC) chip. This | И | 15-5 mil 
MODAMP™ MMIC is designed for use as a general purpose | | 

50 9 дат block. Typical applications include narrow and GROUND 


broad band IF and RF amplifiers in commercial, industrial OPTIONAL 






and military applications. | шы 
The MODAMP MSA-series is fabricated using a 10 GHz +, 
25 GHz fux silicon bipolar MMIC process which utilizes ni- . 
tride self-alignment, ion implantation and gold metallization | | — oo | | 
to achieve excellent uniformity, performance, and reliability. 15.5 mil MES 1 
The use of an external bias resistor for temperature and сиг- | | 
rent stability also allows bias flexibility. Unless otherwise specified, tolerances are 
| | | | +13 um-/ +0.5 mils. ` 

The recommended assembly procedure is gold-eutectic die Chip thickness is 114 шт / 4.5 mil. Bond pads 
attach at 400°С and either wedge or ball bonding using 0.7 Hed tins : en E € озеп кы 
mil gold wire. See APPLICATIONS section, “Chip Use". ты 

TYPICAL POWER GAIN vs. FREQUENCY Typi cal Biasin g Confi gurati on 

ТА = 25°С, 14 = 35 mA 
_ R pias 
Vcc 27V 


RFC (Optional) 






Gp, dB 





0.1 0.3 0.5 1.0 ^ 3. 


Frequency, GHz 


Electrical Specifications?, TA = 25°С 


Parameters and Test Conditions?: id = 35 mA, 20 = 50 Q 


. Power Gain (|S24|2) ` f=0.1GHz ` 
^A Gain Flatness f 2 0.1 to 1.8 GHz 


Units | Min. _ 
æ 
[dB | ^ 
|. 3dBBanwdh в | 
| | .. Input VSWR | |. f=0.1 to 3.0 GHz |. ЕГШ 
КЕМЕ НИ 
_ dBm | 
| dB | 
| авт | — — 
| pec | 


3 


VSWR  [ Output VSWR _ f = 0.1 to 3.0 GHz 


P1 dB Output Power @ 1 dB Gain Compression f = 1.0 GHz 


Device Voltage CEs | s — 
ут | _— Device Voltage Temperature Coefficient, — | mvec | [во 


Notes: 1. This chip contains additional biasing options. The performance specified applies only to the bias option whose bond pads are indicated on the chip outline. 
_ Refer to the APPLICATIONS section “MODAMP™ Silicon MMIC Chip Use" for additional information. 


2. The recommended operating current range for this device is 20 mA to 50 mA. Typical performance as a function of current is on the following page. 
З. RF performance of the chip is determined by packaging and testing 10.devices per wafer in a dual ground configuration. . ! 


NF 
Е 


50 О Noise Figure f = 1.0 GHz 
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MSA-0300 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings - 


Absolute 









Part Number Ordering Information 
























Device Current 80 mA Part Number Devices Per Tray 
Power Dissipation 425 mW MSA-0300-GP2 

RF Input Power +13 dBm 

Junction Temperature 200°С н m 
Storage Temperature —65?C to 200°C - 


Thermal Resistance?^: Өс = 45°C/W 
Notes: 


1. Permanent damage may occur if any of these limits are exceeded. 
2. [CASE = 25?C 
3. Derate at 22.2 mW/°C for Tc > 181°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Өјс than do alternate methods. 
See MEASUREMENTS section “Thermal Resistance" for more 
information. | 





Typical Performance, T4 = 25°С 


(unless otherwise noted) 


OUTPUT POWER Q 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. MOUNTING 
SURFACE TEMPERATURE 


POWER GAIN vs. CURRENT f = 1.0 GHz, l 4:35 mA 


. P4 ав. dBm 





Temperature, °С 


OUTPUT POWER @ 1 dB GAIN COMPRESSION 


vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 


id= 20 mA 
14= 35 mA 
14= 50 mA 





P4 ав. dBm 





Frequency, GHz Frequency, GHz 








Note: 4. S-parameters are de- embedded from 70 mil package measured data using the package model found in the DEVICE MODELS section. 
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Typical Scattering Parameters: Zo 500 TA = 25°С, la = 35 mA 

F — ——  —À — — — S _ 

ен .. Mag Ang _ dB Mag Ang dB Mag Ang Mag Ang k 
0.1 13 —179 12.6 4.28 177 —18.6 118 2 09 -13 1.21 
0.2 13 -179 12.6 4.27 172 -18.3 121 3 10 -27 1.19 
0.4 12 —179 12.5 4.24 165 —18.3 121 5 12 —48 1.19 
0.6 11 -177 12.5 4.22 158 -18.2 123 8 14 —65 1.18 
0.8 11 -172 12.4 4.19 152. -178 129. 11 17 —76 1.15 
1.0 10 —166 12.4 4.15 144 —17.7 130 12 20 -85 1.14 
1.5 11 -145 12.0 4.00 126 —17.1 139 17 24 —104 1.09 
2.0 16 —140 11.5 3.76 ` 109 —16.2 154 20 27 —122 1.03 
2.5 23 —141 10.8 3.47 97 —15.6 166 25 28 — -133 0.99 
3.0 29 -149 9.8 3.10 82 —15.2 173 24 28 -145 0.99 
3.5 35 -157 87 2.72 67 —14.5 188 22 27 -148 0.97 
4.0 38 —164 7.6 2.40 55 —14.3 193 21 25 -146 1.00 
5.0 41 179 5.5 1.88 35 -13.7 206 17 21 —134 1.14 
6.0 43 153 3.6 1.51 18 ~13.3 217 14 21 —137 1.27 





СА о 


MSA-0304 

MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers EE 





Features 


e Cascadable 50 © Gain Block 

e 3dB Bandwidth: DC to 1.6 GHz 
e 11.0 dB typical Gain at 1.0 GHz 

е 10.0 dBm typical P; ав at 1.0 GHz 
ә Unconditionally Stable (k>1) 

e Low Cost Plastic Package 


Description 


The MSA-0304 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a low 
cost plastic package. This MODAMP™ MMIC is designed for 
use as a general purpose 50 Q gain block. Typical applica- 
tions include narrow and broad band IF and RF amplifiers in 
industrial and military applications. 


The МОПАМР MSA-series is fabricated using a 10 GHz +, 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. | 


TYPICAL POWER GAIN vs. FREQUENCY 
ТА = 25°С, 14 235 mA 





Ср, dB 





1 | 11 
"met ПГ 
0.1 03 05 1.0 3.0 


Frequency, GHz 





| 
h 


Electrical Specifications', TA = 25°C 





AGP Gain Flatness 





3 dB Bandwidth — 


VSWR Input VSWR f = 0.1 to 3.0 GHz 
Output VSWR 


f = 0.1 to 1.3 GHz 


f- 0.1 GHz | 12.5 
+= 0.5 GHz ` 10.0 12.0 
f 1.0 GHz 11.0 





f = 0.1 to 3.0 GHz 


ет 
жеке 
polum 
NE БІН 

C Pra | Output Power @ 1 98 Gain Compression —  i-10GHz | dm | | “100 — 
[№ | вом __ їзбє [в | — — 

[в | Thira Order Intercept Point — — — iG | dim | 

0 s "ве |” 
“Ve Y 


f 2 1.0 GHz 


Group Delay 


04A Plastic Package 


-488 1.030 
12.39 * .76 


GROUND 






—— 





RF OUTPUT 
& BIAS 


Notes: . | E 
(unless otherwise specified) 


1. Dimensions are m 
2. Tolerances 
GROUND іп .xxxz +.005 
mm .хх = +.13 


008 +.002 | .020 

20 + 05 51 
TENERE: m 

yo 100 £010 

4- š | 254 + 25 


145 |. =: 
3.68 | | 


Typical Biasing Configuration 


R bias 


О Усс>7У 






RFC (Optional) 


C block C block 
OUT 


I 


v [45 | 50 


амат Device Voltage Temperature Coefficient 


Note: 1. The recommended operating current range for this device is 20 mA to 50 mA. Typical performance as a function of current is on the following page. 


MSA-0304 MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


Absolute 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 

















Device Current 70 mA DEVICE CURRENT vs. VOLTAGE 
- Power Dissipation23 400 mW | | 

RF Input Power _ +13 dBm 

Junction Temperature 150°С 





Storage Temperature —65°C to 150°C 














< 
! E 
Thermal Resistance?4^: Өс = 100°C/W с 
Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 
2. TCASE = 25°C 
3. Derate at 10 mW/°C for Tc > 110°C. 
4. See MEASUREMENTS section “Thermal Resistance” for more 
information. 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
POWER GAIN vs. CURRENT f = 1.0 GHz, 14 = 35 mA 
m z 
с к Баа НІН ҚИК аннан 
= E тт ТА 
HE ЖЕКЕН БЕН ШИШИ 
РА Pg d d n £ 
b в — 18 @ 
é eT L 9 à 
| ЖЕН (ИЕН ТИШН БЕНЕН ee Pee x = 
а 7 И н НИЕ ИЕР — NF 
s wo | шн... на | 
z L Eri l1 ОО 
-25 0 +25 +55 +85 
Temperature, °C 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
Š 
© © 
Е 5 
d 
0.1 0.2 0.3 0.5 1.0 20 4.0 0.1 0.2 0.3 0.5 1.0 2.0 


Frequency, GHz Frequency, GHz 








Typical Scattering Parameters: Zo = 50 © ТА = 25°С, la = 35 mA 
511 521 $12 S22 
{еы Мад Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .10 173 12.5 4.24 173 -18.5 .120 3 .12 -13 
0.2 10 162 12.5 4.21 . 167 —18.2 .123 4 .12 —24 
0.4 | .09 142 12.2 4.08 153 —18.0 .125 7 13 —46 
0.6 .08 127 11.9 3.93 141 -17.8 .128 10 ‚ТО —64 
0.8 .07 110 11.5 3.76 130 —17.3 .136 14 .16 —78 
1.0 .06 92 11.1 3.58 118 —16.8 .144 16 .17 -91 
3.9 . .03 58 . 10.0 3.15 93 —15.5 .169 19 .19 —117 
2.0 .03 175 8.8 2.76 71 -14.1 .197 18 .20 -139 
2.5 .05 163 7.8 2.46 55 —13.2 .218 18 .21 —158 
3.0 .12 148 6.8 2.20 38 —12.2 .246 15 ‚22 —174 
3.5 .19 129 5.9 1.98 20 —11.2 275 7 .24 171 
4.0 .26 110 5.0 1.77 З -10.6 .296 1 .26 158 
5.0 .44 77 3.0 1.41 —28 -9.9 319 —15 .29 128 
6.0 .63 52 0.4 1.05 —56 —10.2 .310 .37 94 





A model for this device is available in the DEVICE MODELS section. 


8-97 


O HEWLETT _ MSA-0311 

к PACKARD MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 





Features SOT-143 Package 


е Cascadable 50 О Gain Block 
e 3dB Bandwidth: DC to 2.3 GHz — 
e 11.0 dB typical Gain at 1.0 GHz - Um (0.031) 
е 9.0 dBm typical Р: ав at 1.0 GHz | | 
e Unconditionally Stable (К>1) 

e Low Cost Surface Mount Plastic Package 

° Tape-and-Reel Packaging Option Available! 


GROUND RF INPUT | 





Description | AND BIAS Н 
The MSA-0311 is a low cost silicon bipolar Monolithic Micro- 
wave Integrated Circuit (MMIC) housed in the surface mount 
plastic SOT-143 package. This MODAMP™ MMIC is designed 


for use as a general purpose 50 Q gain block. Typical applica- _ 3.06 (0.120 


1.78 (0.070) 


0.60 (0.024) 
0.45 (0.018) 






tions include narrow and broad band iF and RF amplifiers in 


commercial and industrial applications. | не з a a 
Тһе MODAMP MSA-series is fabricated using а 10 GHz fr, UL n _{ 985 (0033) | Á À 
25 GHz fmax silicon bipolar MMIC process which utilizes nitride 








; di l 
self-alignment, ion implantation and gold metallization to 0.10 (0.004) 0.69 (0.027) 
achieve excellent uniformity, performance, and reliability. The 0.013 (0.0005) 0.45 (0.018) 
use of an external bias resistor for temperature and current sta- "id 
bility also allows bias flexibility. MIN. 

| | „ : | DIMENSIONS ARE IN MILLIMETERS (INCHES) 2.642 (0.104) 
Typical Biasing Configuration 2.108 (0.083) 
1.753 —— 
R pias (0.069) 
Vcc 27 V MAX. 
RFC (Optional) 

C block C plock 

IN OUT 


Electrical Specifications", TA = 25°С 






| Symbol | Parameters and Test Conditions: lg 35 тА, 20 = 500 — | | units | Mi. | тур | Max | 
a f = 1.0 GHz 11.0 

| ONE | | d | [во | 

| tb | _| pe. | ^ — j| wo | 

Device Voltage _ У | 38 | 47 | 56 | 

Device Voltage Temperature Coefficient | туб | | —8.0 ШЕ 





Notes: 1. Refer to PACKAGING section "Tape-and-Reel Packaging for Semiconductor Devices." 
2. The recommended operating current range for this device is 20 mA to 40 mA. Typical gain performance as a function of current is on the following page. 
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MSA-0311 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


_ Absolute 
Maximum! 


Absolute Maximum Ratings. 


Part Number Ordering Information 


Part Number Devices Per Reel 























Device Current _ 60 тА ` 
г ә в. 2.3 zt : 
RF input Power 418 dm MSA-0311-TR1 3000 7 
| MSA-0311-TR2 1 ‘ 
Junction Temperature 150°C - — ia 





Storage Temperature —65°С to 150°С 


For more information, see "Tape and Reel Packaging 





Thermal Resistance2^: бс = 500°CW ` | for Semiconductor Devices", page 14-14. 
Notes: | 
1. Permanent damage may occur if any of these limits are exceeded. m 
2.TCASE=25°C ` Typical Performance, Ta = 25°C 
3. Derate at 2.0 mW/°C for Tc > 30°C. (unless otherwise noted) | 
4. See MEASUREMENTS section "Thermal Resistance" for more 


information. 


POWER GAIN vs. FREQUENCY 


POWER GAIN vs. CURRENT 





0.1 0.3 0.5 1.0 3.0 6.0 
Frequency, GHz 





OUTPUT POWER Q 1 dB GAIN COMPRESSION 
| vs. FREQUENCY 








E 

° m 

: 2 

С = 

Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 Q | | TA = 25?C, la = 35 mA 
S11 S21 $12 522 

Freq. i —— — — — VHS рин 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag . Ang 
0.1 .06 25 11.7 3.84 175 -17.9 127 2 .24 -/ 
0.2 07 31 11.7 3.83 170 -17.9 .128 3 .23 -13 
0.4 07 38 11.6 3.78 159 -17.8 129: 6 .24 —28 
0.6 07. 30 11.4 3.72 149 -17.6 .132 8 24 —40 
0.8 .08 21 11.2 3.65 140 -17.3 .136 11.24 —53 
1.0 .08 10 11.0 3.56 130 -17.0 141 13 .24 —65 
1.5 .09 —32 .. 10.4 3.31 106 -15.9 .160 17 .24 -91 
2.0 09 —105 9.5 2.99 84 —14.9 .179 16 .23 -115 
2.5 .13 -151 8.5 2.66 70 -14.1 .197 19 .23 —133 
3.0 || .19 —176 7.4 2.35 51 —13.5 .212 15 .22 | —145 
3.5 .24 166 6.2 2.04 35 . —13.0 .224 11 .23 -151 
4.0 27 152 5.1 1.80 20 -12.7 .232 6 .24 —151 
5.0 .36 114 2.9 1.39 —6 -12.1 .250 —1 .25 —152 


60 .50 88 0.8 1.10 —28 —11.8 .258 —8 .25 —166 
A model for this device is available in the DEVICE MODELS section. 
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HEWLETT | | MSA-0335, -0336 
Ú) 





PACKARD . EE ... MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 
Features x . 35 micro-X Package! 


e Cascadable 50 Q Gain Block 

e З ав Bandwidth: DC to 2.7 GHz 
е 12.0 dB typical Gain at 1.0 GHz 

° 10.0 dBm typical Р ав at 1.0 GHz 
e Unconditionally Stable (k>1) ¿g ро 
e Cost Effective Ceramic Microstrip Package 


GROUND 


RF OUTPUT | 
AND BIAS Tm 56 








"ИР 020 | 
Description .508 
The MSA-0335 is a high performance silicon bipolar Mono- . GROUND 
lithic Microwave Integrated Circuit (MMIC) housed in a cost Е: 
effective, microstrip package. This MODAMP™ MMIC is de- (unless otherwise specified) 
signed for use as a general purpose 50 © дат block. Typical | 1. Dimensions are i. 
applications include narrow and broad band IF and RF am- 057 + 010 | - оона. 
plifiers in industrial and military applications. | 145 t 25 254 dn ххх = £.005 
The MODAMP MSA-series is fabricated using а 10 GHz fr, | | | mi xx= rg 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- ж с E" 
tride self-alignment, ion implantation and gold metallization | 
to achieve excellent uniformity, performance, and reliability. | | А 
The use of an external bias resistor for temperature and cur- .022 = Кыра 

f vigne .56 11.54 * .76 
rent stability also allows bias flexibility. — 
Available in cut lead version (package 36) as MSA-0336. 5 + 05 
TYPICAL POWER GAIN vs. FREQUENCY А . : Я А 
ТА = 25°С, lg ps EE Typical Biasing Configuration 


R Баз 
О Vcc27 V 











Gp, dB 


RFC (Optional) 


C block . C block 


o OUT 
Ty 

2. 

12 





6.0 


Frequency, GHz 


Electrical Specifications’, TA = 25°C | 


Symbol Parameters and Test Conditions: [а = 35 mA, Zo = 50 Q 
f= 


Ор ` Power Gain (|52112) 0.1 GHz 


БЕГЕН БЕРГЕН 
АСР Gain Flatness f = 0.1 to 1.6 GHz |^ dB | 

[вн _ 

MUN 


_ 12.5 13.5 


1 


+1.0 
| Зов |  3dBBandwidh ` | | | | GHz 
Input VSWR | _ f=0.1 to 3.0 GHz 
VSWR | | 
Output VSWR = f20.1 to 3.0 GHz | | 
| Pi | 


i 
T 
сл 
e 
ә, 
2 
О. 
o 
(D 
ant 
«2 
С 
=ч 
Ф 
lI 
O 
G) 
L 
N 
Q. 
° 


ai 
О 
Ф 
<. 
О 
Ф 
< 
o 
= 
9) 
© 
Ф 
- 


p. 
pa | Thira Orger mercer Pon — — i | amm | — | ao 
5 


N 
сә 
© 


== 
G) 
= 
O 
c 
кө 
О 
Ф. 
x 
< 
= 
II 
| —^ 
© 
G) 
L 
N 
® 
7 
(D 
©) 


15 
dV/dT Device Voltage Temperature Coefficient | mv^C | ; 


Notes: 1. Short leaded 36 package available upon request. 
2. The recommended operating current range for this device is 20 mA to 50 mA. Typical performance as a function of current is on the following раде. 
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MSA-0335, -0336 MODAMP"" Cascadable Silicon Bipolar 
E — hin seit — Amp 


БИЕД 


Absolute Maximum Ratings | | 02 | — Typical Performance, Ta = 25°С 
| ZEE n unless otherwise noted 








Device Current 80 mA 
Power Dissipation?? 425 mW DEVICE CURRENT vs. VOLTAGE 
RF Input Power = +13 dBm | — 
Junction Temperature 200°С | 
Storage Temperature^ —65°С to 2002 | 
«t 
E 
l E 
1. Permanent damage may occur if any of these limits are exceeded. 
2. ТСАЗЕ = 25°С : 
3. Derate at 6.7 mW/°C for Тс > 136°C. 
4. Storage above +150°С may tarnish the leads of this package 
making it difficult to solder into a circuit. 
5. The small spot size of this technique results in a higher, though 
more accurate determination of Bic than do alternate methods. 
See MEASUREMENTS section “Thermal Resistance” for more 
information. ; | | 
| n — À—— OUTPUT POWER Q 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
f = 1.0 GHz, ig = 35 mA 
© 
a. 
o 
E 
ш 3 
d. 
о © 
a 
tn 
© 
М 
< 
19, MA i Е Temperature, ^C 
OUTPUT POWER @ 1 dB GAIN COMPRESSION | | 
; vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
E 
tD 
© 
a 
© 
а” 





цена Gu Frequency, GHz 





T ypical Scattering Parameters: Zo = 50 Q Tas 25°C. la - 35 mA 
S11 S21 . S12 $22. 
Freq. БЕРЕС = | 
GHz ` Mag . Ang . dB Mag Ang dB Mag — Ang Mag Ang 








0.1 .05 177 12.6 


4.25 175 -18.6 1 17 
0.2 4,05 1/0 12.5 4.24 1/0 -18.3 121 2 17 —17 
0.4 .04 161 12.5 _ 4.20 160 -18.3 .122 3 17 —33 
0.6 .04 156 12.4 4.15 151 -18.3 .121 5 .18 —47 
0.8 .03 149 _ 12.2 4.09 142 -17.9 .128 8 .19 -61 
1.0 ‚02 154 12.1 _ 4.02 132 -17.6 131 9 .20 -/3 
1.5 03 -104 11.6 3.79 109 -16.8 .145 13 .20 -102 
2.0 08 -136 _ 10.9 3.49 87 -15./ .164 11 21 -133 
2.5 .14 —157 10.0 3.16 71 -14.9 .180 13 23 -155 
3.0 .21 —176 9.0 2.81 53 -14.6 .187 8 .24 -173 
3.5 .27 170 7.9 2.49 36 -13.9 ‚202 4 ‚25 178 
4.0. 31 157 6.9 2.20 20 —13.6 .209 -1 .24 177 
5.0 .37 125 4.9 1.76 —10 —12.9 .226 —12 .20 165 
6.0 51 87 2.8 1.38 —38 -12.8 .230 -25 _ .22 130 





A model for this device is available in the DEVICE MODELS section. - 
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yz] packar 





Features 


е Cascadable 50 О Gain Block 

e 3dB Bandwidth: DC to 2.8 GHz 

e 12.0 dB typical Gain at 1.0 GHz 

e 10.0 dBm typical P; ав at 1.0 GHz 

e Unconditionally Stable (k»1) 

e Hermetic Gold-ceramic Microstrip Package 


Description 


The MSA-0370 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a her- 
metic, high reliability package. This MODAMP™ MMIC is 


designed for use as a general purpose 50 Q gain block. 


Typical applications include narrow and broad band IF and 
RF amplifiers in industrial and military applications. 


The MODAMP MSA-series is fabricated using a 10 GHz +, 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 


TYPICAL POWER GAIN vs. FREQUENCY 
TA = 25°С, lq 235 mA 


Gp, dB 









ИИИ ШИШ ИЕ ны 
Gain Flat to D.C. J| | | ЕІ 
03 0.5 


1.0 3.0 6.0 
Frequency, GHz 





Electrical Specifications', TA = 25°С 


Symbol | _ Parameters and Test Conditions: lq = 35 mA, Zo=50Q | units 
- | PewerGan(Se) мен | dB | 

_| Gain Flatness —  —  — f-01to18GHz| dB | 

[ 3dBBadwdh —  — — — | _ 
үзіп [L ммм  !-01юз0бє[ O 
+= 0.10 3.0 СН; | 
| dB - 

| dBm | 

| psec _ 

BE NN 


Output VSWR ` 


P1 dB 


_ Group Dela 


RF INPUT 


f 0.1 GHz 


КЕ 
ККЕ 
MN 
— 
kas 
NF [| 
— 
f = 1.0 GHz oec. | | | | 

Vd v | 45 — 
амат | Device Votage Temperature Coeficient |с | 


MSA-0370 
MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 


70 mil Package 
102 | — 
4[ |] GROUND 






RF OUTPUT 
AND BIAS 







d 





Notes: 


2. Tolerances 


GROUND іп .xxx zt 
mm .xx zt 


N 


020 
508 


(unless otherwise specified) 
1. Dimensions are mm 


.005 
.13 


_ 3.495 soo oo 035 
12.57 + .76 89 


Typical Biasing Configuration 


F bias 







RFC (Optional) 


C block C block 


9 Усс>7У 


О 


UT 


+ 
— 
e 


= 
e 
е 


Note: 1. The recommended operating current range for this device is 20 mA to 50 mA. Typical performance as a function of current is on the following page. 





MSA-0370 MODAMP™ Cascadable Silicon Bipolar 
„Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


| | Absolute | 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 

























Device Current . 80 mA DEVICE CURRENT vs. VOLTAGE 
Power Dissipation?? 425 mW — 

RF Input Power +13 dBm 

Junction Temperature 200°G 

Storage Temperature 


_ —65°C to 200°C 








< 
E 
5 
1. Permanent damage may occur if any of these limits are exceeded. 
2. [CASE = 25°C 
3. Derate at 8 mW/°C for Tc > 147°C. 
4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 
OUTPUT POWER Q 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
POWER GAIN vs. CURRENT f = 1.0 GHz, lq = 35 mA 
© 
б. 
о 
Е 
m 
о © 
- @ 
б. © 
Ө d 
m 
© 
ц? 25 
-55 -25 +25 +85 +125 
Temperature, °С 
OUTPUT POWER @ 1 dB GAIN COMPRESSION | 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
Š 
9 © 
Š š 
а” 





Frequency, GHz 





Frequency, GHz 





Ta = 25°C, la = 35 mA 








A model for this device is available in the DEVICE MODELS section. 
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Typical Scattering Parameters: Zo = 500 
S11 S21 512 522 
Freq. 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .13 —179 12.6 4.27 176 —18.6 .118 2 .09 —14 
0.2 .13 —180 12.6 4.25 171 —18.3 .121 2 .10 —29 
0.4 .12 —180 12.5 4.21 162 —18.4 .121 4 .12 —52 
0.6 11 —178 12.4 4.17 154 —18.2 123 6 .14 —70 
0.8 „11 —174 12.3 4.11 146 —17.8 .129 8 17 —82 
1.0 .10 —168 12.2 4.06 137 —17.7 .130 8 .20 —92 
1.5 .11 —149 VAG 3.85 116 —17.1 .140 11 .24 —114 
2.0 .16 —147 11.1 3.57 96 —16.2 .155 11 27 —134 
2.5 .22 —151 10.3 3.27 82 —15.6 .167 14 .27 —146 
3.0 .28 —160 9.3 2.91 65 —15.2 .174 11 27 —159 
3.5 .33 —169 8.2 2.58 48 —14.5 .188 7 .26 —163 
4.0 .36 —177 7. 2.27 34 —14.3 .192 3 .25 —162 
5.0 .38 163 5.1 1.81 9 —13.8 .203 -5 .23 —153 
6.0 .39 132 3.4 1.48 —14 —13.5 .213 -13 .24 —160 





UV oxcoac 





MSA-0385 

MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 





Features 


e Cascadable 50 О Gain Block 

e 3dB Bandwidth: DC to 2.5 GHz 
e 12.0 dB typical Gain at 1.0 GHz 

е 10.0 dBm typical Р: ав at 1.0 GHz 
e Unconditionally Stable (k>1) 

e Low Cost Plastic Package 


Description 


The MSA-0385 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a low 
cost plastic package. This MODAMP™ MMIC is designed for 
use as a general purpose 50 Q gain block. Typical applica- 
tions include narrow and broad band IF and RF amplifiers in 
commercial and industrial applications. 


The MODAMP MSA-series is fabricated using a 10 GHz fr, 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 


TYPICAL POWER GAIN vs. FREQUENCY 
ТА = 25°С, lq 235 mA 


Gp, dB 





Frequency, GHz 
Electrical Specifications', TA = 25°С 


Power Gain (|521|2) 


Gain Flatness mm 
З dB Bandwidth — 
Input VSWR | 
Output VSWR m | | 
Output Power @ 1 dB Gain Compression 
50 Q Noise Figure "T 
Third Order Intercept Point — 
Group Delay | 
. Device Voltage | 
Device Voltage Temperature Coefficient 


Parameters and Test Conditions: ld z 35 mA, 20 = 50 Q 


204 to 1.6 GHz 


85 Plastic Package 





RF OUTPUT 


RF INPUT AND BIAS 





3 





Notes: 
(unless otherwise specified) 


іп 
1. Dimensions are mm 
2  2.Tolerances 


in .xxx = +.005 
mm .xx = +.13 
.085 А 
25 T" .008 +.002 


| | L — mc | 
12.7 + 76 


Typical Biasing Configuration 


R bias 


2 Үсс>7У 







НЕС (Optional) 


Сыек AI C block 
OUT 


Typ ax 


12.5 
12.0 


+0.7_ 


f = 0.1 GHz 
fz1 .0 GHz 


audi, 


` 
1 А р . 
* * Б t " 
. " 
. 
f t s 


0.0 


Ola 
CO 
"m 


= HEN Hz 
f = 0.1 to 3.0 GHz 
f 2 0.1 to 3.0 GHz 


_1.5:1 
1.71 


-l0GHz | 


№ | | lI» 
оо јо | 
о | јо | 


— 
№ 
сл 


a 


B 
n 


 mV/ 


Note: 4. The recommended operating current range for this device is 20 mA to 50 mA. Typical performance as a function of current is on the em: page. 
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MSA-0385 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Typical Performance, T4 = 25°С 
(unless otherwise noted) 


Absolute Maximum Ratings 


| Absolute 


DEVICE CURRENT vs. VOLTAGE 



















Device Current 70 mA 
Power Dissipation23 400 mW 
RF Input Power +13 dBm 
Junction Temperature 150°C 





















Storage Temperature —65°C to 150°C © < 
5 
1. Permanent damage may occur if any of these limits are exceeded. 
2. [CASE = 25°C 
3. Derate at 9.5 mW/°C for Tc > 108°C. 
4. See MEASUREMENTS section “Thermal Resistance” for more 
information. 
OUTPUT POWER @ 1 dB GAIN COMPRESSION | 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
POWER GAIN vs. CURRENT f = 1.0 GHz, Ig = 35 mA 
i 
© 
a. 
о 
| E 
a 1986 
$ p 0 J J | J, 
Ж ИШ ИЛ ШШ Q. 
s L [| [| Loe" 
(іг | lil 
—25 0 +25 +55 +85 
Temperature, °C 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY 
E 
Š © 
© 2 
d 
5.0 — 
0.1 02 03 0.5 1.0 2.0 4.0 0.1 02 03 0.5 1.0 2.0 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 © ТА = 25°C, la = 35 mA 
S11 S21 912 522 
Freq. 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .09 178 12.6 4.26 175 —18.1 .124 2 .13 —10 
0.2 .09 171 12.5 4.24 170 —18.4 .120 3 .13 —20 
0.4 .08 166 12.4 4.17 161 —18.4 .121 6 14 —41 
0.6 .07 160 12.3 4.10 151 —18.0 .126 8 .15 —57 
0.8 .07 155 12.1 4.01 142 —17.9 .127 12 .16 —71 
1.0 .06 152 11.9 3.92 133 —17.6 .132 12 .18 —84 
1.5 .05 —169 11.2 3.63 112 —16.5 .149 18 .21 —112 
2.0 .08 —174 10.4 3.29 92 —15.6 .167 19 .23 -136 
2.5 .12 —173 9.5 2.98 79 —14.6 .186 22 .25 —150 
3.0 .20 178 8.4 2.64 63 —14.1 .198 20 .26 —166 
3.5 .25 170 7.5 2.36 47 —13.5 .211 17 .25 —174 
4.0 .28 160 6.5 2.12 33 —13.0 .224 13 .24 —180 
5.0 42 134 4.7 1.71 7 —12.2 2247 4 20 168 
6.0 .50 99 2.7 1.37 —18 —12.0 .252 —7 .23 133 


ee ee наны аны ы а ааа е нин ананна 


А model for this device is available in the DEVICE MODELS section. 
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Сл HEWLETT MSA-0386 

WV. 48 PACKARD : MODAMP™ Cascadable Silicon Bipolar ` 
Monolithic Microwave Integrated 

Circuit Amplifiers 





Features | | 86 Plastic Package 


Cascadable 50 Gain Block 
3 dB Bandwidth: DC to 2.4 GHz | | 
12.0 dB typical Gain at 1.0 GHz ыы 
10.0 dBm typical Рі ав at 1.0 GHz | 
Unconditionally Stable (К>1) 

Surface Mount Plastic Package 
Tape-and-Reel Packaging Option Available’ 








| RF OUTPUT 
RFINPUT 4 \ AND DC BIAS 


2.43 (0.107 
1.96 (0.077) 


2 "Н GROUND 
Description | 2.16 (0.066) n 
The MSA-0386 is a high performance silicon bipolar Mono- mE | 

lithic Microwave Integrated Circuit (MMIC) housed in a low WIN | 
cost, surface mount plastic package. This MODAMP™ | 
MMIC is designed for use as a general purpose 50 Q gain nU IT 
block. Applications include narrow and broad band IF and 
RF amplifiers in commercial and industrial applications. 





0.25 (0.010) 
0.15 (0.006) 


0.66 


Тһе MODAMP MSA-series is fabricated using a 10 GHz fr, (0.026) 

25 GHz fmax silicon bipolar MMIC process which utilizes ni- | 

tride self-alignment, ion implantation and gold metallization DIMENSIONS ARE IN MILLIMETERS (INCHES) 
to achieve excellent uniformity, performance, and reliability. 

The use of an external bias resistor for temperature and cur- 

rent stability also allows bias flexibility. 


Typical Biasing Configuration 









R bias 
255) =" Vcc27 М 
@ 
& RFC (Optional) 
idee mA | ' C block ` ‚ Clock 
I d= 50 mA 
Gain Fitto D.C. | | | | | | || 
01 | 03 05 10 30 60 


Frequency, GHz 


Electrical 25°С _ 


100! | Parameters and Test Conditions: [а = 35 тА, 20-50а — 

Gp | Power Gain (|521 |2) f 20.1 GHz 

— EE f-10GHz с 
Gain Flatness / f = 0.1 to 1.6 GHz 


З dB Bandwidth — | 


Output VSWR 12 0.110 3.0 GHz | | 
| Output Power @ dB Gain Compression | | dBm | ` 
50 Q Noise Figure f = 1.0 GHz 
|__Third Order intercept Point и 1 f-1.0GHz 
.. Group Delay PES 20000000 |- 1.0 ОН2 


AI mette š g 
TDA ATUM > à > 


Device Voltage a 
Device Voltage Temperature Coefficient 





Notes: 1. Rẹfer to PACKAGING section “Tape-and-Reel Packaging for Semiconductor Devices.” 
2. The recommended operating current range for this device is 20 mA to 40 mA. Typical gain performance as a function of current is on the following page. 
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MSA-0386 MODAMP™ Cascadable Silicon Bipolar 
Monolithic, Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


Absolute 
| 


Device Current 70 mA 


Part Number Ordering Information 


Part Number | Devices Рег Вее! | Вее! Size 



























йыл со лкені rni MSA-0386-TR1 1000 7 Е 
Е с т MSA-0386-TR2 _ 4000 i” 
Junction Temperature ` 150°С . 





Storage Temperature —65?C to 150°G For more information, see "Tape and Reel Packaging 


for Semiconductor Devices", page 14-14. 




















Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 
2. ТСАЗЕ = 25°С | Typical Performance, T4 = 25°С 
3. Derate at 8.7 mW/°C for Tc > 104°C. (unless otherwise noted) 
4. See MEASUREMENTS section *Thermal Resistance" for more | | | 
information. 
OUTPUT POWER Q 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
DEVICE CURRENT vs. VOLTAGE | | f = 1.0 GHz, lq =35 mA | 
60 13 
8$ н L LLL. I j [| 
xi goo = 8 " LL LLL [ T. s 
40 Тс = -25°C — — — — — — | | L P4 ав 10 9 
AN | NI IV" с TENE ем” 
2% fF БЕН ниш БЕН БЕНЕН { 
> РРР, а 
10 s" ИЯ Б ШІ БҮ а 
: z L кт | ОИ 
0 1 2 34 5 6 | -25 0 425 +55 485 
| Va, V | | Temperature, °C 
OUTPUT POWER Q 1 dB GAIN COMPRESSION | | 2 2... 
vs. FREQUENCY : . . NOISE FIGURE vs. FREQUENCY 
E 
S m 
- 9 
9 5 
d 
| “ол 02 03 5 10 — 20 
Frequency, GHz | | Я Frequency, GHz 
Typical Scattering Parameters: Zo = 50 Q TA = 25°C, lg = 35 mA 
Freq. й Si | | S21 | S12 E S22 
GHz Mag Ang ^ dB Mag Ang ’ dB Mag Ang Мад Ang 
0.1 11 174 _ 12.5 422 . 175 /-18.3 122 1 48 -11 
0.2 11 169 12.5 4.20 170 —18.2 124 2 .13 —20 
0.4 11 159 12.4 4.16 159 —18.1 124 5 14 —41 
0.6 10 149 12.2 4.09 149 —17.9 128 8 15 —60 
0.8 10 142 12.1 4.00 139 -17.6 131 9 16 -78 
1.0 09 137 11.9 3.93 129 -17.4 136 11 18 -93 
1.5 09 139 _ 11.2 3.61 106 —16.6 149 14 20 -129 
2.0 22,12 149 10.3 3.28 83 -15.3 171 13 23 -157 
25 ` _ 18 150 9.4 2.95 66 | -14.44 190 12 | .26 —176 
3.0 .25 142 8.3 2.60 48 -13.7 |  .207 9 .29 167 
3.5 .32 133 7.2 2.29 31 —13.2 .219 3 o .30 152 
4.0 .40 124 6.0 _ 2.01 15 = —13.0 .224 -1 | .31 142 
5.0 .53 106 3.7 1.53 —13 —12.8 .228 —11 .32 128 


A model for this device is available in the DEVICE MODELS section. 


D HEWLETT MSA-0400 

PACKARD MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 





Features Chip Outline’ 


e Cascadable 50 Q Gain Block 

e 3dB Bandwidth: DC to 4.0 GHz 
° 16.0 dBm typical Р: ав at 1.0 GHz 
e 8.5 dB typical Gain at 1.0 GHz 


Description 


The MSA-0400 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) chip. This 
MODAMP™ MMIC is designed for use as a general purpose 
50 Q дат block. Typical applications include narrow and 
broad band IF and RF amplifiers in commercial, industrial 














ЙИ. 
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TIYU 
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ШІ 
| 


I" = 
М nn 
Wn | | 
ji | | 
|!!! 

Temm ! 
ШШШ alae 
ШІ ІШІПТІ \ 
НҮШ! 
YN 
ОНО 


i 









И 


394 um 
15.5 mil 





сз 

== — 

=== 
=: = 
E ==, 
amaer 


OPTIONAL 


and military applications. OUTPUT * 
Тһе MODAMP MSA-series is fabricated using a 10 GHz fr, 
25 GHz fuax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- U . q 
as š 5 M nless otherwise specified, tolerances are 
rent stability also allows bias flexibility. +13 um / +0.5 mils. 
| Ж Chip thick is 114 um / 4.5 mil. 
The recommended assembly procedure is gold-eutectic die ae 41 m. 1.6 mil tipici Ач сре " 
attach at 400°С and either wedge or ball bonding using 0.7 * Output contact is made by die attaching 
mil gold wire. See APPLICATIONS section, "Chip Use". the backside of the die. 
TYPICAL POWER GAIN vs. FREQUENCY | ги» 
TA = 25°C, ly = 90 тА Typicai Biasing Configuration 
12 
R ; 
Ad o Sid co SRE bias м 











RFC (Optional) 


Gp, dB 
о 


C plock C block 





6.0 


0.1 0.3 0.5 1.0 3.0 
Frequency, GHz 


Electrical Specifications’, TA = 25°C 


| Symbol | Parameters and Test Conditions®:l4=90mA,Z0=500 | Units - 
| Ge |  PowerGan(Szf) O = =G; |B 
| AGe [|  GaiFlaess — — — 1 1  f-01to25GHz | dB - 
3 dB Bandwidth а ak: 
Е 


Output VSWH f 2 0.1 to 2.5 GHz 





LONE S. 

| !Ps | Third Order intercept іл. | — —  — f-10GHz — — 
о | бору 2 0 | рес 
| AMa- [ос Devipe Voltige 25: ал. To _. | 
Device Voltage Temperature Coefficient Е ШЕН neh +. 


Notes: 1. Refer to the APPLICATIONS section “MODAMP™ Silicon MMIC Chip Use" for additional information. 
2. The recommended operating current range for this device is 40 mA to 110 mA. Typical performance as a function of current is on the following page. 
3. RF performance of the chip is determined by packaging and testing 10 devices per wafer in a dual ground configuration. 


yn Output Power @ 1 dB Gain Compression f = 1.0 GHz, lg = 50 mA | dBm 
Output Power @ 1 dB Gain Compression f = 1.0 GHz, lg = 90 mA | dBm - 
50 Q Noise Figure f 2 1.0 GHz EC X 


MTS 
no 
сл 
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MSA-0400 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


| | | . Absolute 


Device Current 120 mA 


Part Number Ordering Information 


| Part Number . . Devices Per Tray 






























ады — en an MSA-0400-GP2 10 

| рч Зенд | ы " MSA-0400-GP4 100 
кіні кіні acum: MSA-0400-GP6 up to 300 
` Storage adi ааа | | = = 


-65*C to 200°С - 





1. Permanent damage may occur if any of these limits are exceeded. | 
2. TMOUNTING SURFACE = 25°С 


3. Derate at 28.6 mW/°C for TMOUNTING SURFACE > 170°С. 


4. The small spot size of this technique results т a higher, though 

_ more accurate determination of Өјс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


Typical Performance, T4 = 25°С 


(unless otherwise noted) 


OUTPUT POWER Q 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. MOUNTING 
SURFACE TEMPERATURE 
. POWER GAIN vs. CURRENT 


f = 1.0 GHz, 14 2 90 mA 











E 
са 
© 
m 
© 
m a 
$ 
: а 
а. a 
© = 
Temperature, °C 
OUTPUT POWER Q 1 dB САМ COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
А EE 
18 — Eon | | 
өзе | 
5 45 
a - 90 mA 9 
9 ш 
a 12 2 


_ = ^N 
HHH ES 
0.1 02 0.3 0.5 0 2.0 


4.0 ? 04 02 03 05 1.0 2.0 
Frequency, GHz 





Frequency, GHz 
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MSA-0400 MODAMP™ Cascadable Silicon Bipolar 


Monolithic Microwave Integrate 


Typical Scattering Parameters: Zo = 50 О 











Freq 521 912 S22 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.1 18 179 8.6 2.68 177 -16.4 151 1 10 -13 1.37 
0.5 18 -179 8.6 2.68 163 -16.3 1153 7 16 -54 1.34 
1.0 16 -171 8.5 2.65 145 -15.8 161 10 22 -83 1.28 
1.5 16 —161 8.4 2.63 127 -15.4 169 16 29 -101 1.19 
2.0 221 -156 8.2 2.56 109 -14.6 187 18 33 -119 1.07 
2,5 27 -152 7.8 2.45 98 -13.8 ‚205 24 .37 —128 0.98 
3.0 .33 —159 7.0 2.23 82 -13.4 213 24 42 —140 0.91 
4.0 42 -171 5.2 1.81 54 -12.5 ‚237 21 42 -151 0.86 
5.0 45 172 3.4 1.49 33 -11.7 ‚259 17 .38 -153 0.94 

Typical Scattering Parameters: Zo - 50 О ТА = 25°С, la = 90 тА? 

" S21 912 S22 

GH. Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.1 25 179 8.7 2.73 177 —16.4 152 2 03 `—36 1.33 
0.5 24 173 8.8 2.76 164 —16.3 153 5 10 -83 1.31 
1.0 22 166 8.8 2.74 148 —15.9 .160 10 19 -91 1.26 
1.5 16 164 8.8 2.74 132 -15.3 172 16 27 -94 1.18 
2.0 13 173 8.7 2.73 116 -14.5 189 22 32 -98 1.10 
2,5 12 -162 8.3 2.60 106 -13.9 203 31 36 -95 1.04 
3.0 14 -147 8.0 2.50 90 -13.1 222 33 40 -95 0.97 
4.0 47 -154 6.7 2.17 64 -10.9 .286 36 43 -93 0.87 
5.0 20 146 5,2 1.83 41 -9,2 346 36 40 —94 0.89 


d Circuit Amplifiers 





Notes: 4. S-parameters are de-embedded from 70 mil package measured data using the package model found in the DEVICE MODELS section. 


8-110 


5. S-parameters are de-embedded from 200 mil BeO package measured data using the package model found in the DEVICE MODELS section. 


ТА = 25°С, la = 50 тА“ 


HEWLETT 
PACKARD 
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MSA-0404 

MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 





Features _ 


e Cascadable 50 © Gain Block 

° Зав Bandwidth: DC to 2.5 GHz ` 
e 11.5 dBm typical P1 ав at 1.0 GHz 
° 7.5 dB typical Gain at 1.0 GHz 

° Unconditionally Stable (k>1) 

е Low Cost Plastic Package 


Description 


The MSA-0404 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a low 
cost plastic package. This MODAMP™ MMIC is designed for 
use as a general purpose 50 О gain block. Typical applica- 
tions include narrow and broad band IF and RF керенек in 
commercial and industrial applications. | 


The MODAMP М$А-зепез is fabricated using a 110 GHz fr, 
25 GHZ fmax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. :: 


TYPICAL POWER GAIN vs. FREQUENCY 
ТА = 25°С, Ig 250 mA 


Б ЕЕ oe 


= 
== = 
| [NTI 
Ы Тал AUI 
Ae 
Femmes | [|]. | | || № 
0.1 ^| 0.3 0.5 1.0 : 3.0 | 


6.0 









Gp, dB 
o 





Frequency, GHz 


Electrical Specifications', TA = 25°C 


Parameters and Test Conditions: la = 50 mA, 20 = 50 Q 








04A Plastic Package 


.488 +.030 
12.39 + .76 


GROUND 







RF OUTPUT 
& BIAS. 


Notes: 
(unless otherwise specified) 


іп 
1. Dimensions аге = mm 


2. Tolerances 
GROUND in .xxx = +.005 
mm .xx = +.13 


.. „4 і u . | 


+ = || *2.54 1.25 
РНЕ i 


Typical Biasing Configuration 


R bias 


О Vcc27 V 








_3 RFC (Optional) 
C block Chica: | 


P ow 


Уд-5.25 V 








| Uns _ 
.. Power Gain (152112) БИЕ 83 
| 8.0 
.0 GHz 7.5 
Gain Flatness f = 0.1 to 2.0 GHz || dB | 
a зешнш Les 
жене Input VSWR f20.1t025GHz| | 
I Output VSWR #=0.1102.50Н | 00 
— ut Power 1 dB Gain Compression f = 1.0 GHz | dBm | 
50 Q Noise Figure | f = 1.0 GHz | dB | 


“р, | Third Order intercept Pont — — fn — 
4р | Group Delay 1002 | рес ` 
eee — — — ОН 


Note: 1. The recommended operating current range for this device is 30 mA to 70 mA. Typical performance as a function of current is on the a page. 


— ws 
НИИ К — 
ЕМЕ SEN 
— is ]1— 
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MSA-0404 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute 
Maximum! 


Absolute Maximum Ratings 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 












DEVICE CURRENT vs. VOLTAGE | 










Device Current 85 mA 
Power Dissipation2.3 500 mW 
ВЕ Input Power +13 dBm 
Junction Temperature 150°С 





Storage Temperature —65°С to 150?C 





| Gp, dB 





« 
| E 
Thermal Resistance2^: Өс = 85°C/W 5 
Notes: | | 
1. Permanent damage may occur if any of these limits are exceeded. 
2. [CASE = 25°C 
3. Derate at 11.8 mW/°C for Tc > 108°C. 
4. See MEASUREMENTS section “Thermal Resistance" for more 
information. 
OUTPUT POWER @ 1 dB GAIN COMPRESSION I О 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
POWER GAIN vs. CURRENT А | f = 1.0 GHz, lg = 50 mA - К 
Е | | 
© 
m 
© 
d 
an 
© 
б. 
g 
m 
© 
u 
P 
Temperature, °С 
OUTPUT POWER Q 1 dB GAIN COMPRESSION | 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
Е 
en 
© 
са 
© 
d 





° 0.1 0.2 0.3 0.5 1.0 2.0 


Frequency, GHz Frequency, GHz | 








Typical Scattering Parameters: Zo = 500 Ta = 25°С, la = 50 m 
S1 S21 S12 | $22 | 

Freq. | | 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 16 175 8.3 2.59 174 -16.2 .156 0 .13 -13 
0.2 16 170 8.2 2.58 168 -16.2 .155 2 .13 —25 
0.4 15 161 8.1 2.94 156 -16.0 .158 4 .14 -47 
0.6 14 152 8.0 2.51 145 —16.0 .158 6 .16 -64 
0.8 .12 145 7.8 2.46 133 —15.8 .163 8 .19 _ —79 
1.0 .11 141 7.7 2.41 122 —15.4 .169 .9 .21 --91 
1.5 .07 141 7.2 2.29 96 —14.6 .186 13. 24. —118 
2.0 .09 161 6.6 2.14 71 —13.3 .215 12 — .26 —140 
2.5 .14 159 5.9 1.98 53 -12.4 240 13 28. -157 
3.0 .22 146 5.1 1.80 33 —11.7 .260 27 .29 —176 
3.5 .30 128 4.3 1.64 13 —10.9 .286 0 .32 167 
4.0 .38 109 3.2 1.45 —6 -10.4 301 -7 533 153 ` 
5.0 .47 91 2.1 1.27 —23 —10.2 .310 -15 .35 137 - 
6.0 .55 75 1.0 1.09 —39 —10.1 312 —24 37 120 





Ф HEWLETT |... MSA-0420 | 

LA PACKARD MODAMP™ Cascadable Silicon Bipolar 
22 Monolithic Microwave Integrated 

Circuit Amplifiers 





Features | i 200 mil BeO Package 
e Cascadable 50 © Gain Block 


e З ав Bandwidth: DC to 4.0 GHz ү 
e 16.0 dBm typical P; ав at 1.0 GHz 300+ 025 | |_| — 
e 8.5 dB typical Gain at 1.0 GHz — 
e Unconditionally Stable (k»1) 

е Hermetic Metal/Beryllia Microstrip Package 








RF INPUT RF OUTPUT 
AND BIAS 
Description | МО ВЕЕЕВЕМСЕ Notes: 
The MSA-0420 is a high performance silicon bipolar Mono- GROUND a (unless otherwise specified) 
lithic Microwave Integrated Circuit (MMIC) housed in a her- 1. Dimensions are in 
metic, high reliability package. This MODAMP™ MMIC _,|060|, 2. Tolerances 


1.52 іп .xxx = +.005 


is designed for use as a general purpose 50 €) gain block. mm sue 15 


Typical applications include narrow and broad band IF and 
HF amplifiers in industrial and military applications. 1211.25 


The MODAMP MSA-series is fabricated using a 10 GHz fr, 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- — = : 
tride self-alignment, ion implantation and gold metallization SM a 7 
to achieve excellent uniformity, performance, and reliability. 1 D | | 

The use of an external bias resistor for temperature and cur- 5.21 
rent stability also allows bias flexibility. 


35. .004+.002 
|< 3.25 004-00; 


лә 
N 
U 


TYPICAL POWER GAIN vs. FREQUENCY Typical Biasing Configuration 
ТА = 25°C, 14 290 mA 


_ Jj j| | LIE 
———— II 
_ tit} | NI 
_ ILL j| | IN 


ашо | |] | | ||] 
| 03 05 1 3.0 


0.1 6.0 


R bias 






<` RFC (Optional) 








Gp, dB 


C block 






o 


UT 






Frequency, GHz 


Electrical Specifications', TA = 25°С 


Symbol Parameters and Test Conditions: lg = 90 mA, Zo =500 | | Units |. T 
GP Power Gain (5211) отон ë | æ | 75 | 85 _ 


we 





| мах. _ 

| 95 — 

Gain Flatness | | f = 0.1 to 2.5 GHz ШИК 
| fsdg |  3dBBandwdh Дош | | 43 | 
| | Input VSWR f-01t025GHz | | o Joza f o 
— Output VSWR | f=01to25GHz | | | | 181 | о 
Output Power @ 1 dB Gain Compression f = 1.0 GHz | dBm | 140 | 160 | | 
55. Noise Figur mome | es ff es — 
[> [third Order tercopt Pont — — — — 21988 [шт a m 
| tp | Group Delay о f-i0GHz — | psc |  — | 10 |  — — 
va] Deve Vonage ЕЕ ТЕН 


< 
O 
=> 
® 


: 1. The recommended operating current range for this device is 40 mA to 110 mA. Typical performance as a function of current is on the following page. 
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MSA-0420 MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


Absolute 


“Device Current 00 | _ 120 mA 























Power Dissipation?3 . 850 mW 
RF Input Power +13 dBm 
Junction Temperature 200°С 
Storage Temperature —65°С to 200°C 


Thermal Resistance?^: Өс = 40°C/W 
Notes: | 
1. Permanent damage may occur if any of these limits are exceeded. 
2. [CASE = 25°C 
3. Derate at 25 mW/°C for Tc > 166°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 





POWER GAIN vs. CURRENT 


Gp, dB 





OUTPUT POWER Q 1 dB GAIN COMPRESSION 
vs. FREQUENCY 


P4 ав, dBm 





6 
0.1 02 03 0.5 1.0 2.0 4.0 
Frequency, GHz 





Typical Scattering Parameters: Zo= 50 Q 





lg, mA 


P4 ав. dBm 


Gp, dB 


NF, dB 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


DEVICE CURRENT vs. VOLTAGE 
100 





80 F Тс = +25°C 


OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
. f210GHz,l4 290 тА ` 





_ Temperature, °C 


NOISE FIGURE vs. FREQUENCY 


<= =| E 






aon o o 


————— |4. 90 mA 





55 _ momo |d= 60 mA 
` 0.1 0.2 0.3 0.5 1.0 2.0 


Frequency, GHz 


az : 25°С, la = 90 mA 


NF,dB 


St — S21 S12 S22 

Freq. С z | | | 

|. GHz Mag Ang dB Mag Ang dB Mag Ang - Mag Ang 
0.1 .25 2177 8.6 2.70 175 —16.4 .151 1 083. -30 
0.2 .25 ` 173 8.6 2.69 170 -16.5 .150 1 с .04 -59 
-0.4 24 — 167 8.6. 2.69 159 -16.5 .150 —1 07 -79 
0.6 .22 160 8.5 2.67 149 -16.4 152 -2 410 —92 
0.8 .21 154 8.5 2.66 139 —16.3 .154 -2 13 —99 
10 020 148 8.3 2.60 129 —16.1 .156 —3 o 16 -109 > 
1:5: 44 — 136 8.1 ` 2.54 104 —15.6 .166 -4 22 -124 
2.0 .10 136 | 7.9 - 248 ` 80 —14.8 .181 -6 25 -139 
2.5 08 161 7.4 | 2.34 _ 62 -14.3 .193 -5 28 -147 
30. .10 178 ` 7.0 2.24 39 -13.7 .206 —11 31 -157 
3.5 .13 176 | 6.6 2.13 18 —12.6 .233 —18 34 —167 
4.0. .14 163 | 5.9 1.97 -3 —11.9 253. —25 .36 —176 
4.5 14 133 Е 53. 1.83 —23 -11.3. .273 —33 .37 174 
5.0 .16 91 4.5 1.69 —43 —10.5 .299 —43 .37 162 





PACKARD MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 


HEWLETT | MSA-0435, -0436 
Ф, 





Features | 35 micro-X Package’ 
e Cascadable 50 Q Gain Block | кер 4 GROUND 
e 3dB Bandwidth: DC to 3.8 GHz © | 2.15 


е 12.5 dBm typical Р: ав at 1.0 GHz 

e 8.5 dB typical Gain at 1.0 GHz 

e Unconditionally Stable (k>1) 

e Cost Effective Ceramic Microstrip Package 


Description 


The MSA-0435 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a cost 
effective, microstrip package. This MODAMP™ MMIC is de- 





signed for use as a general purpose 50 О gain block. Typical (unless otherwise specified) 
applications include narrow and broad band IF and RF am- 1. Dimensions are mm 
plifiers in industrial and military applications. 13r „ло 100 2. Tolerances 

dE 2.54 in .xxx = *.005 
The MODAMP MSA-series is fabricated using a 10 GHz К, | MN = t.13 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- Y | 


tride self-alignment, ion implantation and gold metallization 


to achieve excellent uniformity, performance, and reliability. A A 
The use of an external bias resistor for temperature and cur- 022 .455 +.030 
rent stability also allows bias flexibility. | 56 11.54 + 76 










Available п cut lead version (package 36) аз MSA-0436. oe p 002 
TYPICAL POWER GAIN vs. FREQUENCY | | 
" ТА = 25°C, 14 =50 mA _ Typical Biasing Configuration 
10 R bias 
O Vcc>7 V 
cn j CTTT Y 
© 
- Æ 
š L | || | | NI REC (Optional 
2 | | j| | | | № C block бы 





| ` 

cantuttooe. | || | | | № 

0.1 0.3 0.5 1.0 3.0 6.0 
Frequency, GHz 


Electrical Specifications’, Ta = 25°C 


| Symbol | _ Parameters and Test Conditions: Id = 50 mA, Zo =509 — | Units - 
| Ge | Ромебап(640 [волен | dB | 75 | 85 | 95 ` 
| AGP | _ Gain Flatness | 1=04ю25енг | dB — +. 
| fsda | зав Bandwidth | G 
.. Input VSWR | f 2 0.1 to 2.5 GHz ү 

іі Output VSWR E f=01to25GHz| — J] | 
| PidB | __ Output Power @ 1 dB GainCompression —  f-10GHz — | dBm | | 125 | 
| S50QNoiseFigue мен | dB | 

-1. | рзес. _ 








м 

| IPs — |  ThirdOrderinerceptPoint f=10Ghz —— 
р (| Group Delay GHZ | psec 
| Va | Device Voltage У | 475 | 525 | 575 
| dV/dT | — Device Voltage Temperature Coefficient — | т/С| | -80 | 


Notes: 1. Short leaded 36 package available upon request. 
2. The recommended operating current range for this device is 30 mA to 70 mA. Typical performance as a function of current is on the following page. 


8-115 





MSA-0435, -0436 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


Absolute Maximum Ratings 


| Absolute 

















Device Current 100 mA 

Power Dissipation23 650 mW 

RF Input Power +13 dBm DEVICE CURRENT vs. VOLTAGE 
Junction Temperature 200°C 





Storage Temperature^ —65?C to 200°C 





lg, mA 


Notes: 

1. Permanent damage may occur if any of these limits are exceeded. 

2. [CASE = 25°C 

3. Derate at 7.1 mW/°C for Tc > 109°C. 

4. Storage above +150°С may tarnish the leads of this package 
making it difficult to solder into a circuit. 


5. The small spot size of this technique results т a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section “thermal Resistance” for more 
information. 





OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


POWER GAIN vs. CURRENT ‚ {= 1.0 GHz, [4 = 50 тА 





Е 
a 
© 
(а 
© 
i = 
© d 
$ 
8 _ 
g ‚в 
а. т 
© в 2 
| 5 
19, mA Temperature, ^C 
OUTPUT POWER Q 1 dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
E 
e 
© a 
à i 
- š 
a. 











| 0.1 0.2 03 0.5 1.0 2.0 4.0 0.1 0.2 03 0.5 1.0 20 — 
Frequency, GHz | Frequency, GHz 
Typical Scattering Parameters: Ро = 500. = 25°С, la = 50 mA 
S11 $21 $12 $22 
Freq. | 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .08 175 8.5 2.67 175 —16.4 .151 1 .20 —10 
0.2 .08 172 8.5 2.68 170 —16.3 .153 2 .20 —16 
0.4 .07 171 8.5 2.67 161 —16.4 .151 3 .20 -33 
0.6 .07 166 _ 8.5 2.66 _ 151 —16.2 .155 6 .21 2-45 
0.8 .05 169 8.4 2.64 142 —16.1 .156 8 .22 —57 
1.0 .05 175 8.3 2.61 136 —16.0 .159 10 .24 —68 
1.5 .04 —142 8.1 2.55 109 —15.0 .178 13 .26 -96 
2.0 .09 —145 7.8 2.46 87 —14.2 .196 15 .28 —123 
2.5 .14 —154 7.3 2.33 71 —13.1 .221 18 .31 —140 
3.0 .22 —175 6.6 2.14 50 —12.5 .238 14 33 _ —160 
3.5 .28 170 5.8 1.94 32 —11.7 .260 9 .35 -173 
4.0 434 156 4.8 1.74 15 —11.3 .271 4 34 _ —179 
4.5 .37 140 3.9 1.57 —1 —10.7 .291 —2 33 —171 

5.0 120 3.0 1.41 —16 —10.4 .302 -8 ‚32 —160 


HEWLETT MSA-0470 
PACKARD MODAMP™ Cascadable Silicon Bipolar 
x Monolithic Microwave Integrated 
Circuit Amplifiers 





Ú; 








Features 70 mil Package 
° Cascadable 50 Q Gain Block 240 
e 3dB Bandwidth: DC to 4.0 GHz 4 [7] GROUND 


е 12.5 dBm typical Р: ав at 1.0 GHz 
e 8.5 dB typical Gain at 1.0 GHz - 
e Unconditionally Stable (k»1) .508 
e Hermetic Gold-ceramic Microstrip Package ба 

4 


RF INPUT AND BIAS. 





Description 
The MSA-0470 is a high performance silicon bipolar Mono- Notes: Е 7 
lithic Microwave Integrated Circuit (MMIC) housed in a her- | | + (unless otherwise specified) 
metic high reliability package. This MODAMP™ MMIC is de- : ЕУ are mm 
signed for use as a general purpose 50 © gain block. Typi- 2L|GROUND т ххх = .005 
cal applications include narrow and broad band IF and RF | тт .xx = .13 
amplifiers in industrial and military applications. 
+ 

The MODAMP MSA-series is fabricated using a 10 GHz fr, koe 9 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- | | | | 
tride self-alignment, ion implantation and gold metallization | 
to achieve excellent uniformity, performance, and reliability. T | 
The use of an external bias resistor for temperature and cur- | 495 + 030 | 035 
rent stability also allows bias flexibility. 12.57 + .76 | (89 

TYPICAL POWER GAIN vs. FREQUENCY Typical Biasing Configuration 


ТА = 25°С, lq 250 mA 
R bias 


O Усс>7У 







RFC (Optional) 


Gp, dB 


C block | C block 


) OUT 
Уд-5.25 V | 





Frequency, GHz 


Electrical Specifications’, TA = 25°C 





Typ. | Мах. _ 


Power Gain (5212) f = 0.1 GHz |^ dB — 
Gain Flatness | f = 0.1 to 2.5 GHz | dB | 
| fade | Зав Bandwidth 





Input VSWR f 2 0.1 to 2.5 GHz 
Output VSWR f 2 0.1 to 2.5 GHz 


50 О Noise Figure | f = 1.0 GHz 
| P3 Third Order Intercept Point _ f = 1.0 GHz 





Min 
эни 
миск 
L БЕРГЕН БЕНЕН 
NN 
NEM 
emm 
es 
HEN 
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MSA-0470 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


Absolute 


Typical Performance, TA = 25°С 


(unless otherwise noted) 
































Device Current 100 mA DEVICE CURRENT vs. VOLTAGE 
Power Dissipation2:3 . 650 mW 
HF Input Power +13 dBm 
Junction Temperature 200°С 
Storage Temperature —65?C to 200°C 
| « 
Thermal Resistance?*^: Өс = 115°C/W Е 
Notes: E 
1. Permanent damage may occur if any of these limits are exceeded. 
2. ТСАЗЕ = 25°C 
3. Derate at 8.7 mW/°C for Tc > 125°C. 
4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section “Thermal Resistance” for more 
. information. 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
_ NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
POWER GAIN vs. CURRENT f = 1.0 GHz, 14 = 50 mA 
Е 
tn 
© 
d 
a © 
о а 
а. 
o | 8 
° т © 
Ly 6 $ 
5 
Temperature, °С 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
E 
° g 
m u- 
9 = 
d 
~ 0.1 0.2 0.3 0.5 1.0 2.0 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 O — ^ TA = 25°С, la = 50 mA 
511 521 $12 | S22 
Freq. 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 18 179 8.5 2.67 176 -16.4 451 40^ -14 
0.2 18 179 8.5 2.67 172 -16.4 151. 2 .10 —30 
0.4 .18 179 8.5 2.67 163 —16.4 .152 3 .13 —50 
0.6 .17 —179 8.5 2.65 155 —16.2 .155 5 .16 —67 
0.8 .16 —176 8.4 2.64 147 —16.1 .158 6 .19 2-79 
10 .16 —174 _ 8.3 2.61 138 —15.9 .161 | 6 .22 —90 
1.5 .16 —166 8.2 2.56 117 —15.5 .169 9 .29 —111 
2.0 .21 —163 ` 7.8 2.46 97 —14.6 .186 9 .33 —131 
2.5 .26 —162 7.3 2.33 83 —13.8 .204 12 436 -142 
3.0 32 —170 6.5 2.12 65 —13.5 .212 10 .40 —156 
3.5 .37 —177 5.7 1.93 38 -13.2 .220 7 40 —164 
4.0. .40 175 4.7 1.73 33 —12.6 .234 3 .40 -170 2 
4.5 41 166 3.9 1.57 20 —12.4 .239 —1. .39 —173 
5.0 42 155 3.1 1.44 7 —11.9 .255 -6 .37 —176 


A model for this device is available in the DEVICE MODELS section. 


QO HEWLETT |. MSA-0485 И 

L4 PACKARD | ..  _MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 





Features | | 85 Plastic Package 


е Cascadable 50 © Gain Block 
e 3dB Bandwidth: DC to 3.6 GHz | — |< 920 
° 12.5 dBm typical Р: ав at 1.0 GHz GROUND Í | 4 


e 8dB typical Gain at 1.0 GHz 
e Unconditionally Stable (k>1) 
e Low Cost Plastic Package 







RF OUTPUT 
AND BIAS 


Description 


The MSA-0485 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a low 


(unless otherwise specified) 
1. Dimensions are EE 


cost plastic package. This MODAMP™ MMIC is designed for | ee n ны 
use as a general purpose 50 © gain block. Typical applica- | | mm .xx = +.13 
tions include narrow and broad band IF and RF amplifiers in | 292 | 
commercial and industrial applications. | :060 +.010 | 


The MODAMP MSA-series is fabricated using a 10 GHz fs, 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 


1.52 +.25 .008 +.002 


to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- | | | .500+ .030 | 
rent stability also allows bias flexibility. .020 12.7 + .76 | 

| 51 


TYPICAL POWER GAIN vs. FREQUENCY 


TA = 25°С, lq =50 mA 


| | Ill | +T. I| 





Typical Biasing Configuration 


Я bias 
| О Усс>7У 






) RFC (Optional) 










А. 

ЩЩ 

sennae | || | | ||] 
0.1 03 0.5 1.0 3.0 


6.0 
Frequency, GHz 






C block | | C block 
OUT 





Electrical Specifications’, TA = 25°C 
Parameters and Test Conditions: Ig = 50 mA, Zo = 500 


Power Gain (|52412) f20.1 GHz каи 8.3 
f = 1.0 GHz | 70 8.0 


Ki 
55 





AGP _ бат Flatness — — f = 0.1 to 2.5 GHz | о 

| fade |  3dBBanwdh р |) з | 
nm _ Input VSWR f=0.1to25GHz{| | | 164 | | 
` Output VSWR a f=0.1t02.5GH | | | 204 | | 

| Piae | Output Power @ 1 dB Gain Compression |  f-10GHz | dam | | 125 | 
| NF | 50QNoiseFigure 41002: — | dB |  — à | 70 | ——— 
[IPs — |  ThidOrderinterceptPoint 2 f-tOGHz — | dm |  — | 255 | — — 
| t — | бору 41002: | pse. | | 1925 |! —— 
| Va — | секем ру | 42 | 525 | 63 — 
| dV/dT | Device Voltage Temperature Coefficient, [ме | | o | — — 


< 
о 

ett 

(D 


: 1. The recommended operating current range for this device is 30 mA to 70 mA. Typical performance as a function of current is on the following page. 
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MSA-0485 MODAMP"M Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings m | Typical Performance, Ta = 25°С 


Absolute (unless otherwise noted) 


Device Current | 85 mA 









DEVICE CURRENT vs. VOLTAGE 


















Power Dissipation?? 500 mW 
HF Input Power +13 dBm 
Junction Temperature 150?C 





Storage Temperature —65?C to 150°C 


















| = < 
! E 
Thermal Resistance?*: Өјс = 90°C/W | k: 
Notes: | 
1. Permanent damage may occur if any of these limits are exceeded. 
2. ТСАЗЕ = 25°С 
3. Derate at 11.1 mW/°C for Tc > 105°C. 
4. See MEASUREMENTS section "Thermal Resistance" for more 
information. 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
POWER GAIN vs. CURRENT f = 1.0 GHz, 14 = 50 mA 
ó Е 
© 
5 
© 
d 
m tn 
9 © 
б. б. 
Ó o 
m 
© 
I 
= 
lg, mA Temperature, °C 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
E 
° S 
5 2 
d 
` 0.1 02 03 0.5 1.0 2.0 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 О | ТА = 25°С, lg = 50 mA 
S11 S 21 $12 522 
Freq. PONES MG ee л NM 222 т 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .21 177 8.4 2.63 175 —16.1 .156 2 .08 . 16 
0.2 _ .20 176 8.3 2.60 171 —16.2 .155 2 08 -30 
0.4 20 172 8.2 2.57 163 -16.1 156 З 10 —54 
0.6 .19 471. 8.1 2.55 155 —16.2 .155 5 13 —71 
0.8 .19 168 8.1 2.54 146 —16.0 .158 6 16 —83 
1.0 .18 166 8.0 2.52 _ 138 15.7 .164 9 .18 -93 
1.5 .16 167 7.8 2.46 117 —15.3 .171 11 .25 -116 
2.0 .18 168 7.4 2.34 97 —14.6 .187 12 .29 —135 
2.5 .21 173 — 6.9 ` 2.21 83 -13.8 .204 16 ` .34 —150 
3.0 .27 169 | 6.3 2.07 65 —13.4 .213 13 .38 -161 
3.5 33 161. 5.7 1.92 48 -12.6 .234 9 .39 —172 
4.0 .38 154 48 1.74 33 -12.3 242 6 37 -179 
4.5 42 145 4.1 1.59 18 —12.1 .249 3 36 —174 
5.0 44 131 3.3 1.46 4 —11.7 .259 —3 .34 —165 


A model for this device is available in the DEVICE MODELS section. 
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Ú) HEWLETT MSA-0486 | 
PACKARD MODAMP"" Cascadable Silicon Bipolar 
| | | Monolithic Microwave Integrated 

Circuit Amplifiers 




















Features a 86 Plastic Package 

e Cascadable 50 € Gain Block | 651 629) —= 

е Зав Bandwidth: DC to 3.2 GHz В 

e 12.5 dBm typical Р: «в at 1.0 GHz 

° 8dB typical Gain at 1.0 GHz Aide 
e Unconditionally Stable (К>1) У Tr! = 

e Surface Mount Plastic Package | | "анын 
e Tape-and-Reel Packaging Option Available’ 1.96 (0.077) 


TT 3.05 (0.120) 
Description 2.16 (0.085) 


The MSA-0486 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a low 


cost, surface mount plastic package. This MODAMP™ TS бошо 
MMIC is designed for use as a general purpose 50 © gain | 1.27 (0.050) Е! 
block. Applications include narrow and broad band IF and | d 
RF amplifiers in commercial and industrial applications. E" 
The MODAMP MSA-series is fabricated using a 10 GHz fr, (0.026) 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization DIMENSIONS ARE IN MILLIMETERS (INCHES) 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 

TYPICAL POWER GAIN vs. FREQUENCY, Ta = 25°C Typical Biasing Configuration 


R bias 


Ент | ||| 
[| eSNG 
ee L] DET 


ly = 50 MA — 


|а = 70 тА — —— —— 


о Vec27V 















RFC (Optional) 






C block C block 






| | 
Gain Flat to D.C. OUT 


01 03 05 10 | 3.0 6.0 





Frequency, GHz 


Electrical Specifications’, Ta = 25°C 


Parameters and Test Conditions: іа = 50 mA, Zo = 500 


а Power Gain (|92112). f201GHz 8.3 
| | | f21.0 GHz 70 | 80 
Gain Flatness f = 0.1 to 2.0 GHz | dB | 

3 dB Bandwidth | | GHz | 


Input VSWR |J f=0.1 to 2.0 GHz 
VSWR | 
Output VSWR ` f 0.1 to 2.0 GHz 








ШЕГЕН 
“мс ОИ ИРГИН 


© 
Сә 


= 
cO 
= 


dV/dT Device Voltage Temperature Coefficient 


Notes: 1. Refer to PACKAGING section “Tape-and-Reel Packaging for Surface Mount Semiconductors”. 
2. The recommended operating current range for this device is 30 mA to 70 mA. Typical performance as a function of current is on the following page. 
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MSA-0486 МОРАМР тм Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


Absolute 


Device Current 85 mA 


Part Number Ordering Information 


Part Number | Devices Per Reel 

























Power Dissipation?3 500 mW MSA-0486-TR1 1000 > EL 
HF Input Power +13 dBm MSA-0486-TR2 4000 13" 
Junction Temperature 150?C x 


For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 





Storage Temperature —65?C to 150°C 


Thermal Веѕіѕїапсе24: Өс = 100°C/W 











Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 
2. TCASE = 25°C Typical Performance, Ta = 25°C 
4. See MEASUREMENTS section “Thermal Resistance” for more | 
information. 
OUTPUT POWER Q 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
DEVICE CURRENT vs. VOLTAGE : _ 1 =1.0 GHz, 14 =50 тА ` 
en 
Тс = +85°C —— — ---- be 
Тс = +25°С a 
d. 
< © 
© б. 
E © 
с 
© 
ц" 
a 
Temperature, °C 
OUTPUT POWER @ 1 dB GAIN COMPRESSION | | 
vs. FREQUENCY | NOISE FIGURE vs. FREQUENCY 
E 
Š © 
ті z 
d S 
Ñ; | 
0.1 02 0.3 0.5 1.0 2.0 
| Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 О _ ТА = 25°C, la = 50 mA 
Freq. | Sn €. — S LS _ S2  _ 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .14 178 8.4 2.62 175 —16.2 .154 (1 | 16 —10 
0.2 .14 175 8.3 2.61 170 —16.3 .153 2 16 —20 
0.4 .14 171 8.2 2.57 161 —16.3 .154 3 17 —39 
0.6 .13 168 8.1 2.54 151 —16.0 .158 4 18 —57 
0.8 .13 166 8.0 2.52 141 —15.9 .161 5 20 —74 
1.0 .13 165 7.9 2.48 131 —15.7 .165 6 .21 —88 
1.5 .15 168 7.7 2.42 108 —14.8 .182 8 .27 —121 
2.0 .21 168 7.3 2.32 84 —14.0 .199 7 .32 —149 
2.5 .29 165 6.8 2.18 65 —13.1 .222 4 .38 —168 
3.0 7 153 5.9 1.97 43 —12.7 .231 —1 .40 173 
3.5 44 142 4.8 1.74 24 —12.5 .238 -5 .41 157 
4.0 .50 _ 130 3.6 1.52 7 -12.5 .238 —10 41 145 
5.0 .61 109 1.3 1.16 —21 —12.7 .231 —17 43 132 


А model for this device is available in the DEVICE MODELS section. 


h HEWLETT MSA-0500 | | | | 
UJ PACKARD MODAMPTM Cascadable Silicon Bipolar 


Monolithic Microwave Integrated 
Circuit Amplifiers 





Features Chip Outline’ 


e Cascadable 50 © Gain Block 

e High Output Power: +23 dBm typical P44g at 
1.0 GHz 

e Low Distortion: 33 dBm typical ПР. at 1.0 GHz 

e 8.5 dB typical Gain at 1.0 GHz 


— 
— 
— 
--- 
— 
eA 
-- 
= 
= 
=. 
— 
— 
= = 
--- 
— 
— 
— 
= 
а 
LI 
—— 
— 
—- 
— 
— 
Г] =. 
=ч 
2 = 
ЕЕЕ 
1 
-- 
j — 
— 
— 
--- 
Ed 
і — 
— 
mm 
» СЕ 
— 
— 
— 
— 









TT 570 um 
Description 22.4 mil 
The MSA-0500 is a high performance, medium power silicon 
bipolar Monolithic Microwave Integrated Circuit (MMIC) chip. 

This MODAMP™ MMIC is designed for use as a general 
purpose 50 Q gain block. Typical applications include narrow 
and broadband IF and RF amplifiers in industrial and military 
systems. 
Тһе MODAMP MSA-series is fabricated using HP’s 10 GHz fy, ne 
25 GHz fax, Silicon bipolar MMIC process which uses nitride i EO ODE come mil 
self-alignment, ion implantation, and gold metallization to 
achieve excellent uniformity, performance and reliability. The Unless otherwise specified, tolerances are +13 ит/+0.5 mils. 
use of an external bias resistor for temperature and current Chip thickness is 114 um/4.5 mil Bond Pads аге 
stability also allows bias flexibility. 41 um/1.6 mil typical on each side. 
| JAM *Output contact is normally made by die attaching the 
The recommended assembly procedure is gold-eutectic die backside of the die. 
attach at 400?C and either wedge or ball bonding using 0.7 mil 
gold wire. Typical Gain vs. Power Out 
TA = 25°С, | = 165 mA 
This chip is intended to be used with an external blocking 10 mum remm emm rcm gamme 
capacitor completing the shunt feedback path (closed loop). 8 LL | 
Data sheet characterization is given fora 45 pF capacitor. Low "TRI ~ | < 
frequency performance can be extended by using a larger o 6 Шз LX LN NY 
valued capacitor!. = 5 
© 4 
5 
2 
0 
14 16 18 20 22 24 26 228 30 

Electrical Specifications?, TA = 25°C Power Out, dBm 


Unless otherwise noted, performance is for a MSA-0500 used with an external 45 pF capacitor. See bonding diagram. 


Parameters and Test Conditions?: l4 = 165 mA, Zo = 50 Q 


P4 ap Output Power @ 1 dB Gain Compression f= 1.0 GHz | dBm | 





=] 
`< 
2 


Power Gain (15,412) | f = 1.0 GHz 


Gain Flatness f 20.1 to 2.0 GHz 


3 dB Bandwidth4 


Input VSWR f 2 0.1 to 2.0 GHz 
Output VSWR f = 0.1 to 2.0 GHz 


жш 
ее 
| Third Order intercept Point, Т (1002: | авт 


I+ 
© 
N 
л 


VSWR 





NFsoo 

psec 

Va 
dV/dT mV^c 


1. See Application Note, AN-S009: MODAMPTM Silicon MMIC Chip Use for additional information. 

2. The recommended operating current range for this device is 80 to 200 mA. Typical performance as a function of current is on the following page. 
3. RF performance of the chip is determined by packaging and testing 10 devices per wafer. 

4. Referenced from 0.1 GHz gain (Ср). 


ГӘ © © 
p-s 
© 
сл 


5 
e 
Ф 
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MSA-0500 MODAMPTM, Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


225 mA 
3.0 W 











Device Current 
Power Dissipation2: 3 
HF Input Power 
Junction Temperature 200°С 
Storage Temperature -65 to 200°С 


Thermal Невізіапсе2.4; Ө. = 20°C/W 


Notes: 

Permanent damage may occur if any of these limits are exceeded. 
TMOUNTING SURFACE = 25°С. | | 

Derate at 50 mW/°C for TMOUNTING SURFACE > 140?C. 

The small spot size of the technique used results in a higher, 
though more accurate determination of Ө. than do alternate 
methods. 













425 dBm 





Do ES 


Typical Performance, T4 = 25°С 


(Unless otherwise noted) 


Note: Unless otherwise noted, performance is for an MSA-0500 used 
with an external 45 pF capacitor. See bonding diagram. 


Output Power @ 1 dB Gain Compression, 
Third Order Intercept Point vs. Current 


fzi1.0GH2 | 





Part Number Ordering Information 


Part Number Devices Per Tray 














MSA-0500-GP2 - 10 
MSA-0500-GP4 100 
MSA-0500-GP6 Up to 300 





Output Power @ 1 dB Gain Compression 
vs. Temperature l; = 165 mA | 





Case Temperature, °С 


Gain vs. Frequency 








20 
16 
m 12 
т ШЕ 
4 
4 — = — — Open Loop 
0.1 0.2 0.3 0.5 


a — NS ағынынан e —————s ee ч 


Closed Loop 












Frequency, GHz 
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Typical Biasing Configuration 


Rbias (Required) 
О Vec 2 15V 








С, оск 


Typical Scattering Рагате!егв5.6 


Freq. 
GHz 


.001 
.005 
.010 
.050 
.100 
.200 
.400 
.600 
.800 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 


Notes: 5. S-parameters are de-embedded from 200 mil BeO package measured data using the package model found in the DEVICE 


$11 


AT 
-134 
-141 
-133 
-124 
-118 
-115 
-113 
-120 
-125 
-134 
-144 
-157 


MODELS section. 


6. S-parameter data assumes an external 45 pF capacitor. Low frequency performance can be extended using a larger valued 


capacitor. 


RFC (Optional) 


OUT 
S21 
dB Mag Ang 
15.6 6.05 176 
14.6 5.37 166 
12.8 4.38 158 
9.8 3.08 164 
9.3 2.90 169 
9.1 2.86 168 
9.1 2.84 162 
9.1 2.84 195 
9.0 2.83 148 
9.0 2.83 139 
8.8 Z9 118 
8.2 2.58 96 
7.3 2.32 83 
6.0 2.00 66 
4.8 1.75 52 
8-7 1.53 39 


MSA-0500 MODAMPTM, Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 
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Bonding Diagram 


-9.6 
-9.2 


Input Trace 


Capacitor 
(45 pF typ) 


Numbers refer to pin contacts listed on the Chip Outline. 


.210 
.213 


.281 


12 
17 
18 
20 
21 


$22 






-101 
-117 
-125 
-116 
-109 
-108 
-106 
-107 
-111 
-109 
-109 
-106 
-104 


Output 
Trace 


(backside 
contact) 


Ground 


Ground 


ТА = 25 °С, lg = 165 mA 


(б) HEWLETT (0 МВА-0504 
P PACKARD mE | .. MODAMP"" Cascadable Silicon Bipolar 
и | Monolithic Microwave Integrated | 
Circuit Amplifiers 










Features | | I | 04A Plastic Package 
• Cascadable 50 Q Gain Block E A88 1.030 

| 12.39 * .76 
e High Output Power: i 






18.0 dBm typical P; as at 1.0 GHz —R 









er 4 169 ||. 

e Low Distortion: 2. :030 | 429 

29.0 dBm typical ІРҙ at 1.0 GHz ue 
e 7.0 dB typical Gain at 1.0 GHz | 4 RF INPUT RF OUTPUT 
e Low Cost Plastic Package т S. URN 

-— — DIA 
Description | | | | C8 Notes: а РЧР 
The MSA-0504 is а high performance medium power silicon 96 E wakakun 2% 2 ч) 
bipolar Monolithic Microwave Integrated Circuit (MMIC) 5 Tolerances М 
housed in a low cost plastic package. This MODAMP™ | GROUND in .xxx= 1.005 
MMIC is designed for use as a general purpose 50Q дат P | mm.xxz 3.13 
block. Typical applications include narrow and broadband IF 
and RF amplifiers in commercial systems. .008 +002 | | .020 
The MODAMP MSA-series is fabricated using a 10 GHz f;, | 20 t.05 | i 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- * - pU a4 : 
tride self-alignment, ion implantation and gold metallization | | Exe] жа Ee 2022010 
to achieve excellent performance, uniformity, and reliability. Ф | tee 
The use of an external bias resistor for temperature and cur- | М ihe Ё I i | 
rent stability also allows bias flexibility. | | | 3.68 
TYPICAL GAIN vs. POWER OUT Typical Biasing Configuration 
ТА = 25°С, 14 80 mA | | 
10 | 
R bias 
8 JY Vcc > 12V 





Gp, dB 


RFC (Optional) | 


0 





Power Out, dBm 


Electrical Specifications’, Ta = 25°C 


| Symbol | Parameters and Test Conditions: Iq = 80 mA, 20 = 50 Q | Units | мм. | тур | 
P4dB Output Power @ 1 dB Gain Compression f = 0.5 GHz dBm 19.0 
f = 1.0 GHz dBm 16.0 18.0 
Gp Power Gain (|S21]?) f 20.5 GHz dB 7.5 
f 2 1.0 GHz dB 7.0 
AGP Gain Flatness f = 0.1 to 1.5 GHz | dB | 


3 dB Bandwidth? 
Input VSWR f 2 0.1 to 1.5 GHz 
VSWR 
Output VSWR f 2 0.1 to 1.5 GHz 


АЛЕ 
_ 
Third Order Intercept Point f = 1.0 GHz | dBm | 
psec. _ 


| 
о. 
J 
Ф 
<. 
О 
Ф 
< 
о 
б) 
Q 
(D 
- 
© 
N 

5 — 

Oo 

> — 
А 
° 
=à 


dV/dT Device Voltage Temperature Coefficient mvV/°C | 0 | a60 | 


Notes: 1. The recommended operating current range for this device is 60 mA to 100 mA. Typical performance as a function of current is on the following page. 
2. Referenced from 0.1 GHz Gain (Gp). 
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MSA-0504 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings Typical Performance, T4 = 25?C 


Absolute (unless otherwise noted) 


Device Current 135 mA 







VSWR vs. FREQUENCY 















Power Dissipation?? 1.5 W 14 = 80 mA 
RF Input Power +25 dBm 
Junction Temperature 200°С 





Storage Temperature —65°С to 150°С 





Сс 
> 
o 
> 
Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 
2. ICASE = 25°С 
3. Derate at 13.3 mW/°C for Tc > 88°C. os cor 03 05 T 25 25 
4. See MEASUREMENTS section "Thermal Resistance" for more Frequency, GHz 
information. 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. CASE TEMPERATURE 
DEVICE CURRENT vs. VOLTAGE 
Š 
tf о 
3 à 
о“ 





Temperature, 2С 


OUTPUT РОМЕН Q 1 dB GAIN COMPRESSION, 
GAIN vs. FREQUENCY THIRD ORDER INTERCEPT POINT vs. CURRENT 


lg = 80 to 100 mA 





















E 
2 M NN E 
. Г А 
2. 4-4- | 
i T | 
«КТР | NI Š 
ПТР j В à 
СТИ Е | IN в 
.01 .05 01 05 10 5.0 
Frequency, GHz 
Typical Scattering Parameters | TA = 25°С, la = 80 mA 
Fr S11 521 $12 522 
MHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
5 .54 —43 14.7 5.43 160 —18.4 .120 | 37 .63 -39 0.60 
25 .24 —112 9.3 2.92 155 —13.8 .204 12 .24 —101 0.99 
50 .18 -142 8.1 2.54 161 -13.7 206 3 .16 —125 1.17 
100 .14 —156 7.8 2.45 166 —13.7 .207 3 .13 —137 1.18 
200 .14 —168 7.6 2.40 163 —13.7 .206 . 1 13 —146 1.20 
400 .14 —174 7.5 2.37 150 —13.7 .206 1 .16 —143 1.19 
600 .14 —175 7.4 2.34 137 —13.6 .208 -1 20 -144 1.18 
800 15 -174 7.2 2.29 124 -13.5 211 -1 | .25 —148 1.15 
1000 .17 —174 7.0 2.24 111 -13.6 209 -3 .29 —154 1.14 
1500 .23 —179 6.4 2.09 80 -13.3 216 22-4 .37 —168 1.06 
2000 .33 171 5.5 1.88 51 —12.8 .230 —10 .48 178 0.91 
2500 42 156 4.3 1.64 27 —13.0 .224 —12 .51 165 0.90 


3000 .49 146 3.2 1.44 6 ||. —12.8 .230 —11 .55 157 0.92 
A model for this device is available in the DEVICE MODELS section. 
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Ú) HEWLETT — | | MSA-0505 
| PACKARD | MODAMP™ Cascadable Silicon Bipolar. . 
ез Monolithic Microwave Integrated ` 
Circuit Amplifiers | x eds 





Features | Е | 05 Plastic Package | 


е Cascadable 50 © Gain Block 
е High Output Power: 






18.0 dBm typical Р; ag at 1.0 GHz Ed ug DA 
e Low Distortion: | m AND DC BIAS 
29.0 dBm typical IP3 at 1.0 GHz 
° 7.0 dB typical Gain at 1.0 GHz n 
e Surface Mount Plastic Package ror 














_ і ; : | 1 (4 PLCS) GROUND 2 
e Tape-and-Reel Packaging Option Available pou. 
Description “apices. _ | | оозо 
The MSA-0505 is a high performance medium power silicon vip 
bipolar Monolithic Microwave Integrated Circuit (MMIC) О 0.145 — 
housed in a low cost, surface mount package.This * 27 
MODAMP™ MMIC is designed for use as а general purpose | | | 
50 € дат block.. Typical applications include narrow and Tr | | 
broadband IF апа НЕ amplifiers in commercial systems. 70.20: 0.05 | т | eee 
The MODAMP MSA-series is fabricated using a 10 GHz f;, | "ы, “4 
25 GHZ fmax silicon bipolar MMIC process which utilizes ni- | | € — 
tride self-alignment, ion implantation and gold metallization LIP "001205 
to achieve excellent performance, uniformity, and reliability. . DIMENSIONS ARE IN MILLIMETERS (INCHES) | | 
The use of an external bias resistor for temperature and cur- mE E | 
rent stability also allows bias flexibility. Typical Biasing Configuration 
TYPICAL GAIN vs. POWER OUT | 
ТА = 25°С, 14 =80 mA Н bias 
10 I Vcc2 12V 
8 
m 6 RFC optional) 
O 4 C block - C block 


0 





| Power Out, dBm p | 
Electrical Specifications^, TA = 25°С DN 
Рав | — f20.5 GHz dBm 19.0 
| | -10GHz _ dBm | 16.0 18.0 
| dB 
dB 


f20.5GHz ` 
f21.0GH2 ` 


f20.1to 1.5 GHz | 













АСР Gain Flatness | | | | 
З dB Bandwidth? — 00 | GHz | 
Input VSWR f 2 0.1 to 1.5 GHz 
VSWR | | 


| Output VSWR a _ f=0.1 to 1.5 GHz 
Third Order Intercept Point B f = 1.0 GHz 


50 Q Noise Figure | f=1.0GHz | 
р Group Delay | f = 1.0 GHz 


Vd Device Voltage | | | 
dV/dT Device Voltage Temperature Coefficient mV/? | -160 | 


Notes: 1. Refer to PACKAGING section "Tape-and-Reel Packaging for Semiconductor Devices." 
2. The recommended operating current range for this device is 60 mA to 100 mA. Typical gain performance as a function of current is on the following page. 
3. Referenced from 0.1 GHz Gain (Gp). š - к | | | 





psec. 





о 
N 
N 
< 
: i 
Е | | 
| e 
"m 


< 
©) 
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MSA-0505 MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute 
Maximum! 


135 mA 


Absolute Maximum Ratings 


Device Current 


Part Number Ordering Information 


Part Number Devices Per Reel 
































m Рн 
dipl Ed MSA-0505-TR1 500 
Junction Temperature _ 200°C MSA-0505-TR2 1500 13 





Storage Temperature —65°С to 150°C For more information, see "Tape and Reel Packaging | 


for Semiconductor Devices”, page 14-14. 
























Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 
2. TCASE = 25°С Typical Performance, Ta = 25°C 
3. Derate at 11.8 mW/*C for TC 2 73°С. | (unless otherwise noted) 
4. See MEASUREMENTS section "Thermal Resistance" for more 
information. | 
OUTPUT POWER Q 1 dB GAIN COMPRESSION 
vs. CASE TEMPERATURE 
DEVICE CURRENT vs. VOLTAGE 
E 60 à I 
= 9 16 
a 
= 14 
0 — 12 
0 3 6 9 12 -25 0 +25 +85 
Уз, V | Temperature, °C 
OUTPUT POWER Q 1 dB GAIN COMPRESSION, 
GAIN vs. FREQUENCY THIRD ORDER INTERCEPT POINT vs. CURRENT 
lg z 80 to 100 mA 
14 ' 
: ГЕ Е 
И ИГ 2 
% 8 
S 6 Е 
© 
| Е 
2 - 
Ë И š 
.01 .05 0.1 05 1⁄0 5.0 | 60 70 80 90 100 
Frequency, GHz ld; mA 
Typical Scattering Parameters | | | ТА = 25°С, la = 80 mA 
Е S11 S21 $12 S22 
req. — 00 __—_ С — 92 o 
MH: Mag Ang dB Mag Ang dB Mag Ang Мад Ang k 
5 56 -39 14.9 5.56 161 -18.5 120 39 . 65 | -86 0.60 
25 .24 —103 9.7 3.05 ‚ 156 —13.9 .202 12 ^ „25 —90 0.97 
50 .15 —130 _ 8.2 2.57 163 —13.7 .207 7 | .15 —116 1.15 
100 .13 —155 78 2.45 165 -13.7 207 3 2-11 _ =132 1.21 
200 .12 —170 7.7 3.43 161 —13.5 .211 1. .11 -145 1.21 
400 .12 178 7.5 2.37 148 —13.6 .209 —1 .14 —146 1.23 
_ 600 .13 172 7.4 2.34 134 —13.6 .209 —2 .17 —151 1.23 
800 .13 168 7.2 2.29 2119. -13.6 .209 —3 _.21 —157 1.23 
1000 .14 166 7.0 2.24 105 —13.4 .213 —4 25 —164 1.21 
1500 ‚21 159 6.4 2.09 72 —13.3 217 2-6 .34 176 1.16 
2000 .30 148 5.2 1.82 42 —13.1 .222 —9 42 | 159 1.12 
2500 40 136 4.1 1.60 17 —12.9 2227 —11 .48 146 1.05 


3000 52 121 2./ 1.36 —/ —12.6 .234 —16 „55 133 0.92 
A model for this device is available in the DEVICE MODELS section. 
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Uy HEWLETT MEME MSA-0520 5 | 

MB packard 2E LEE MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated | 
Circuit Amplifiers | 





Features | | 200 mil BeO Package 


е Cascadable 50 О Gain Block | 412. | mE 
е High Output Power: | 4 GROUND 
. +23 dBm typical Р ав at 1.0 GHz | | 300+.025 м | 


Low Distortion: | | | 7.62: .64 О, 030 
33 dBm typical ІР; at 1.0 GHz 
8.5 dB typical Gain at 1.0 GHz 






[ 1] 


e Hermetic, Metal/Beryllia Microstrip Package тт — | 
Description NO REFERENCE Monee: | 
| : | | u (unless otherwise specified) 

The. MSA-0520 is a high performance, medium power sili- GROUND a 2 1: Dimensions are In: 
con bipolar Monolithic Microwave Integrated Circuit (MMIC) _„|:060 | 2 Tolerances 
housed in a hermetic, BeO disk package for good thermal 1.52 in .xxx= +.005 
characteristics. This MODAMP™ MMIC is designed for use = mm.xxz 3,13 
as a general purpose 50 (2 gain block. Typical applications ~ 4048:.010 
include narrow and broad band IF and RF amplifiers in in- Яе 004 4.002 
dustrial and military systems. | [325 10: 05 | 
The MODAMP MSA-series is fabricated using a 10 GHz +, —— = 
25 GHz мах silicon bipolar MMIC process which utilizes ni- I БЕРІ | Қа 
tride self-alignment, ion implantation and gold metallization — 5251 57 
to achieve excellent uniformity, performance, and reliability. | 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 

TYPICAL GAIN vs. POWER OUT Typical Biasing Configuration 


R bias 


OQ Vcc2 15V 







RFC (Optional) - 


C block | | Сыоск 





Power Ош, dBm 


Electrical Specifications', TA = 25°С 





Го 
Ма | тур. 
| 210 | 290 — 
75 | 85 — 





Output Power @ 1 dB Gain Compression f = 1.0 GHz 
Power Gain (|521?) f = 1.0 GHz 


| Ge | = 
| AGP | Gain Flatness - ол to 20 GHz Г dB - 
ев |  3dBBanwd? — — | GH - 
ЕСІ при vSwn | f=0.1to20GHz] 00 
| dBm - 
| dB - 
| psec _ 





OUT 
Max. . 





| 28 _ 

| 203 __ 

Output VSWR f = 0.1 to 2.0 GHz 
LPs ^ | Third Order Intercept Point — — — f-10GHz | | 330 — 
| 65 | 
Group Delay | f 2 1.0 GHz | 170 | 


Device Voltage 12.0 
_ dV/dT Device Voltage Temperature Coefficient | mc | [| -160 | 


Notes: 1. The recommended operating current range for this device is 80 mA to 200 mA. Typical performance as a function of current is on the following page. 
2. Referenced from 0.1 GHz Gain (Gp). | | 


Typ 
2.5: 
170 


8-130 


4 









Absolute Maximum Ratings ` 












225 mA 
` 80W 
+25 dBm 
200?C 
—65?C to 200?C 





| ^ A. Absolute 


Device Current 
"Power Dissipation?3 ` 
RF Input Power | 
Junction Temperature. 
Storage Temperature 










MSA-0520 MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 








DEVICE CURRENT vs. VOLTAGE 























< 
Thermal Resistance24: Өјс = 25°C/W 5 
Notes: . | | " 
1. Permanent damage may occur if any of these limits are exceeded. 
2. TCASE = 25°С 
3. Derate at 40 mW/°C for Tc > 125°C. 
4. The small spot size of this technique results in a higher, though 
_ more accurate determination of Өјс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. | 
OUTPUT POWER @ 1 dB GAIN COMPRESSION , OUTPUT POWER @ 1 dB GAIN COMPRESSION 
THIRD ORDER INTERCEPT POINT vs. CURRENT vs. TEMPERATURE 
f = 1.0 GHz 14 = 165 mA 
= 
tn 
© 
г 
З = E ' 
m 
© 
Е © 
T d 
a 
г 
Case Temperature, °С 
VSWR vs. FREQUENCY 
lg = 165 mA 
m 
о С 
$ š 
ldz200mA-—— —— —— 
0.1 0.2 03 0.5 1.0 2.0 4.0 ол 02 0.3 0.5 1.0 2.0 4.0 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters ТА = 25°С, la = 165 mA 
s | 5 Sn P $21 $12 52 | 
Freq. — | 
MHz Mag ^ Ang dB Mag Ang dB Mag Ang Mag Ang k 
225 57 ` -88. 144 5.25 165 -194 107 38 67 -85 0.57 
25 .25 | —90 _ 10.7 3.42 160 —14.9 .180 17 .29 -81 093. 
|. 50 15: —111 . 95 2.97 163 -14.4 190 9 .18 —97 1.10 
_ 100 41 —138 89 2.80 | 166 -14.2 195 3 At —113 1.16 
` 200 .10 ‚ -152 8.8 2.75 163 —14.1 .197 1 10. -125 1.17 
400 .. 410 u.c 8192: 2 8.7. 2.72 152 —14.1 ..198 —2 .14 —123 1.16 
. 600 Ais —147 86 : 2.70. 140 —14.0 .199 —4 .18 —123 1.14 
| 800 — .18 -142 8.5 2.67 128 -14.1 199 -6 22 -127 1.12 
‚ 1000. | 15 —140 8.4 2.64 115 —14.1 .198 -8 .27 —131 1.09 
_ 1500. .22 _ —142 80 2.52 85 —13.7 .206 —12 .34 —143 0.98 
_ 2000 .30 _ —156 7.4 2.36 55 —13.3 .216 —16 .A3 —158 0.85 
2500 - 27 0-70. 6.7 2.16 33 —12.9 227 2-48 48 -166 0.75 
3000 41 170 5.6 1.91 8 —12.7 .232 —23 .51 —177 0.70 
3500 .45 149 4.5 1.68 —16 -12.1 249 -31 55 173 0.63 
4000 | 46 124 3.3 1.45 —40 —11.7 .259 —39 56 162 0.66 


A model for this device is available in the DEVICE MODELS section. 
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| O HEWLETT | MSA-0600 
| PACKARD | | MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 





Features . Chip Outline’ 


е Cascadable 50 © Gain Block EE иных А 
е Low Operating Voltage (3.5 V typical Va) 22 

° ЗОВ Bandwidth: DC to 1.0 GHz 

e High Gain: 19.5 dB typical at 0.5 GHz 

* Low Noise Figure: 2.8 dB typical at 0.5 GHz 









Description 


The MSA-0600 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) chip. This 
MODAMP™ MMIC is designed for use as a general purpose 
90 € дат block. Typical applications include narrow and INPUT ЗІ == 
broad band IF and RF amplifiers in commercial, industrial | = | 
and military applications. == 


The MODAMP MSA-series is fabricated using a 10 GHz fr, 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 


i 22. | « 419 um 
The use of an external bias resistor for temperature and cur- 16.5 mil di 


rent stability also allows bias flexibility. 


419 um 
16.5 mil 





GROUND 





Unless otherwise specified, tolerances are 
+13 рт / %0.5 mils. 


The recommended assembly procedure is gold-eutectic die Chip thick is 114 шт / 4.5 mil. Bond pad 
attach at 400"C and either wedge or ball bonding using 0.7 als 41 peres 1 6 mil typical n ert side. " 
mil gold wire. See APPLICATIONS section, "Chip Use". * Output contact is made by die attaching 


the backside of the die. 


TYPICAL POWER GAIN vs. FREQUENCY š Ы сола А ° 
TA = 25'C, 14 = 16 mA Typical Biasing Configuration 


“CIT ГІП A bias 
ЕН WE ЧЕ ЕК ШЕК ЧЕ ИЕНІ | 
tH tH А 


Мес 25 V 





RFC (Optional) 


Gp, dB 
Е 
ы 
i 
/ 






C block | C block 


— OUT 





0.1 0.3 0.5 1.0 3.0 6.0 
Frequency, GHz 


Electrical Specifications?, TA = 25°C 
Parameters and Test Conditions?: Ig = 16 тА, Zo = 50 Q 
Gp Power Gain (|S24|2) f 20.1 GHz 
AGP . Gain Flatness | f = 0.1 to 0.6 GHz 
3 dB Bandwidth 
= 0.1 to 1. 
VSWR ` Input VSWR f = 0.1 to 1.5 GHz 
Output VSWR __f=0.1 to 1.5 GHz 
Output Power @ 1 dB Gain Compression, f 2 0.5 GHz 


MUNI 
| dBm — 
50 © Noise Figure f = 0.5 GHz | dB | 
| dBm | 
| psec. | 


GHz 


Third Order Intercept Point f = 0.5 GHz 
|^ D | Group Delay f = 0.5 GHz в 


dV/dT Device Voltage Temperature Coefficient | mc | | | s0 | 


Notes: 1. This chip contains additional biasing options. The performance specified applies only to the bias option whose bond pads are indicated on the chip outline. 
Refer to the APPLICATIONS section “MODAMP™ Silicon MMIC Chip Use" for additional information. 


_ 2. The recommended operating current range for this device is 12 mA to 30 mA. Typical performance as a function of current is on the following page. 
3. RF performance of the chip is determined by packaging and testing 10 devices per wafer in a dual ground configuration. | 


= 
м 
сл 
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MSA-0600 MODAMP™ Cascadable Silicon Bipolar 


Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


Device Current 






Absolute 
Maximum! 
















50 mA 
Power Dissipation?3 200 mW 
RF Input Power = +13 dBm 
Junction Temperature 200?C 
Storage Temperature —65°С to 200?C 






Thermal Resistance?*: Өс = 50°C/W 
Notes: 


1. Permanent damage may occur if any of these limits are exceeded. 


2. TMOUNTING SURFACE = 25?C 
3. Derate at 20 mW/?C for THOUNTING SURFACE > 190°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section “Thermal Resistance" for more 
information. | 


POWER GAIN vs. CURRENT 




















Part Number Ordering Information 


Part Number Devices Per Tray 


MSA-0600-GP2 10 
MSA-0600-GP4 





MSA-0600-GP6 


Typical Performance, T4 = 25°С 


(unless otherwise noted) 


OUTPUT POWER Q 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. MOUNTING 
SURFACE TEMPERATURE 


f = 0.5 GHz, 14 = 16 mA 

















m 
9 
а. 
© 
aa 
v 
9 Б 
| Š i 
: К 
Q. 
ld; mA Temperature, °C 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY - NOISE FIGURE vs. FREQUENCY 
E 
8 m 
^ © 
a ш 
9 = 
a. 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters‘: Zo = 50 © ТА = 25?C, la = 16 mA 
LLL. NL ll Sn S12 32 _ 
СН Мад Ang ЯВ Ма ` Ang dB Mag Ang Mag Ang k 
0.1 .05 —148 20.6 _10.66 173 —23.3 .068 4 .05 —67 | 1.05 
0.2 .07 —134 20.4 10.48 166 —23.1 .070 8 .09 —91 1.04 
0.3 . .09 —125 20.2 10.28 159 —22.6 .074 13 13 —102 1.01 
0.4 11 —121 20.0 10.01 151 —22.4 .076 15 .16 —110 1.00 
0.5 .13 | —120 | 19.7 9.71 145 —22.1 078 17 .20 —117 0.98 
0.6 .15 . -119 19.4 9.34 140 —21.8 .081 20 .22 —124 0.97 
0.8 .19 | —121 18.7 8.60 123 -20.7 092 25 .25 —136 0.93 
1.0 .25 —123 17.9 7.82 117 —19.8 102 26 .28 —148 0.90 
1.5 32 —134 15.7 6.10 96 —18.3 .122 29 29 —168 0.89 
2.0 .40 —149 135 4.73 79 —17.4 .136 27 26 175 0.91 
2.5 45 ‚ —157 11.6 3.79 70 —16.9 142 30 .23 169 0.97 
3.0. .49 —171 9.9 3.12 61 —16.6 .148 28 .19 168 1.03. 
25 .51 -174 8.3 2.60. 51 —16.4 .152 25 .16 173 1.10 
4.0 .51 179 6.9 2.21 43 —16.3 .153 26 .12 —170 1.22 
4,5 ^91 170 9 1.93 37 —16.0 .159 24 .10 | —149 1.31 
5.0 b1 | 162 . 4.7 1.71 29 -15.9 .161 24 11 —126 1.41 


Notes: 4. S-parameters are de-embedded from 70 mil package measured data using the package model found in the DEVICE MODELS section. 


Ф HEWLETT m MSA-0611 к | 
Ж PACKARD m 2222 MODAMP"" Cascadable Silicon Bipolar 
| Monolithic Microwave Integrated 
Circuit Amplifiers 


Features | SOT-143 Plastic Package 


e Cascadable 50 О Gain Block 
e 3dB Bandwidth: DC to 0.7 GHz 


е High Gain: 18.0 dB typical at 0.5 GHz ü mm 


LOW PROFILE 


* Low Noise Figure: 3.0 dB typical at 0.5 GHz — 
° Low Cost Surface Mount Plastic Package 
° Tape-and-Reel Packaging Option Available! 


—c s ,EQAIa aa aa The r ta 











Description 
The MSA-0611 is a low cost silicon bipolar Monolithic Micro- 1.78 (0.070) 
wave Integrated Circuit (MMIC) housed in the surface mount 0.60 (0.024) 
plastic SOT-143 package. This MODAMP"" MMIC is designed зоо) 0.54 (0.021 
for use as a general purpose 50 © gain block. Typical applica- | 0.37 (0.015) 
tions include narrow and broad band IF and RF amplifiers in 3.06 (0.120 2 
commercial and industrial applications. -— $50 110) ane 0.15 (0.006 
| 0.09 (0.003) 
The MODAMP М$А-зепез is fabricated using a 10 GHz fr, E Жүн d 
25 GHz fmax silicon bipolar MMIC process which utilizes nitride __ 40.85 (0.033) | 
self-alignment, ion implantation and gold metallization to — n í 
achieve excellent uniformity, performance, and reliability. The .0.10 (0.004) _ 0.69 (0.027) 
use of an external bias resistor for temperature and current sta- соз Оо) Le zu 
bility also allows bias flexibility. pape 
MIN. 

Typical Biasing Configuration 2.642 (0.104) 

т 2.108 (0.083) 

R bias DIMENSIONS ARE IN MILLIMETERS (INCHES) 1.753 —e 
—О Vec 25 V (0.069) 
MAX. 






RFC (Optional) 


C block | C block 
OUT . 






L-Symbo | Parameters and Test Concitions:l4=16mA,Z0=509 | uns | wm. | тр | mac 
ш — отоо a | Lses 
Gain Flatness | f = 0.1 to 0.5 GHz t0. 
tæ | 3dBBamwdn — — — ПОСТЕ | [оо — 
poe | Input VSWR | f-01t015GHz | | | | 
Output VSWR f-01t015GHz | | [| 151: |] 
_ Output Power @ 1 dB Gain Compression f = 0.5 GHz | dm | | 20 | | 
L NF | 500 Noise Figure оза: — 1 æ | J s | 
2 Third Order Intercept Point f 2 0.5 GHz | dim | [мао |] | 
to | Group Delay — f-05GHz | psc. | [25 |  —— 
| DeviceVoltage т-с [у | 26 | зз | z — 
_ dVidT | Device Voltage Temperature Coeticen — [ve | | ss [о 


Notes: 1. Refer to PACKAGING section "Tape-and-Reel Packaging for Surface Mount Semiconductors". 
_2. The recommended operating current range for this device is 12 mA to 20 mA. Gain performance as a function of current is on the following page. 
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Absolute Maximum Ratings 


















. Device Current _40 mA 

_ Power Dissipation?3 125 mW 
RF Input Power ` +13 dBm 
Junction Temperature 150?C 


Storage Temperature —65°С to 150°С 


Thermal Resistance?^: Oic = 505°C/W 


Notes: 


Absolute 
Maximum! 


MSA-0611 MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 










1. Permanent damage may occur if any of these limits are exceeded. 


2. ТСАЗЕ = 25°С 
3. Derate at 2.0 mW/?C for Tc > 87°C. 


4. See MEASUREMENTS section "Thermal Resistance" for more 
information. | 


POWER GAIN vs. FREQUENCY 
ld z 16 mA 


———F 





Gp, dB 





Gain Flat to D.C 


0.1 03 05 10 30 60 
Frequency, GHz 


OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY 


P4 dB: dBm 


Frequency, GHz 


Typical Scattering Parameters: Zo = 50 © 





Part Number Ordering Information 


Part Number | Devices Per Reel ^ ReeiSze | 


MSA-0611-TR1 3000 
13° 


MSA-0611-TR2 10000 
For more information, see "Tape and Reel Packaging 
for Semiconductor Devices”, page 14-14. 









Typical Performance, Ta = 25°C 


(unless otherwise noted) 


POWER GAIN vs. CURRENT 





. Gp, ав 


Frequency, GHz 


TA = 25°С, la = 16 mA 








S11 S21 512 $22 

Freq. 

GHz Mag Ang dB Mag Ang dB Mag Ang Мад Ang k 
0.1 .04 —176 19.6 9.53: 170 —23.0 071 6 04 —57 1.07 
0.2 03. -163 19.3 9,25 160 -22.7 073 10 07 -82 1.07 
0.3 03 -149 18.9 8.79 150 —22.8 072 14 09 —97 1.10 
0.4 04 — -132 18.5 8.38 141 —21.9 080 17 11 —111 | 1.07 
0.5 05. -127 18.0. 7.96 133 -21.6 083 21 13 —122 1.07 
0.6 .07 —123 17.3 7.33 125 —21.2 087 23 15 —131 1.07 
0.8 10 -129 16.2 6.46 111 —19.7 103 25 17 —147 |. 1.04 
1.0 .13 -139 15.0 5.64 98 -19.0 112 28 18 —160 1.06 
1.5 22 —164 125 . 4.22 73 —17.1 139 25 19 175 1.07 
20 .31 _ 171 10.1 3.20 53 —16.1 157 21 19 160 1.13 
25 -- 39 158 8.1 - 2.55 42 —15.4 169 22 20 153 1.19 
3.0. _.45 144 6.3 2.07 28 —15.0 178 18 19 150 1.26 | 
3.5 .50 132 4.7 1.72 16 —14.6 185 15 16 152 1.33 
4.0 .52 121 3.4 1.48 4 | —14.1 197 11 14 166 1.37 


A model for this device is available in the DEVICE MODELS section. 
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HEWLETT "m | MSA-0635, -0636 

PACKARD | | | .. MODAMP"" Cascadable Silicon Bipolar | 
Monolithic Microwave Integrated 
Circuit Amplifiers 





| 





Features | 35 micro-X Package’ 


e Cascadable 50 Q Gain Block | AE 4 
e Low Operating Voltage (3.5 V typical Va) | 
e 3dB Bandwidth: DC to 0.9 GHz 

e High Gain: 19.0 dB typical at 0.5 GHz 

e Low Noise Figure: 2.8 dB typical at 0.5 GHz RF INPUT 
e Cost Effective Ceramic Microstrip Package 


GROUND 







.083 | 
211 DIA. 


ВЕ OUTPUT — 
AND BIAS 






Description 


The MSA-0635 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a cost 
effective, microstrip package. This MODAMP™ MMIC is de- 
signed for use as a general purpose 50 О gain block. Typi- 






GROUND 


Notes: 
(unless otherwise specified) 
in 


cal applications include narrow and broad band IF and RF — 1. Dimensions аге mm 
mplifiers in commercial and industrial applications. EE s .100 2. Tolerances 

amplifiers in commercial and industrial арр! catio S 145 + 25 е т» 254 in .xxx = 5.005 

The MODAMP MSA-series is fabricated using а 10 GHz fr, | | | mm .xx = +.13 

25 GHz fmax silicon bipolar MMIC process which utilizes ni- Y E | 

tride self-alignment, ion implantation and gold metallization | 

to achieve excellent uniformity, performance, and reliability. : \ 

The use of an external bias resistor for temperature and cur- .022 | .455 +.030 | | 

rent stability also allows bias flexibility. | | 56 11.54 £ .76 | 

Available in cut lead version (package 36) as MSA-0636. m 06 4002 
TYPICAL POWER GAIN vs. FREQUENCY Typical Biasing Configuration 


TA = 25°С, 14 =16 mA 


—T | d | 
| "Te. 






R bias 





О Vcc25V 












RFC (Optional) 


Gp, dB 


lll | | NI 
| | | TN 

| ват ва ос. | || |] | [I|] 
| 05 1.0 3.0 


0.1 0.3 6.0 
Frequency, GHz 


C block | C block 






OUT 






Electrical Specifications’, TA = 25°C | 





= 
i 


` 





+1.0 


; 
“б, | Power Gain (Seu) — — — отан _ ee 
[ aGp | Ganranss — — — — 1-o125G | в | [| 07° 
T os 


yp. 
0.7 


20 
эв _ 


узун |--"МУӘЕ ______________ -олю15сбє[ — Zä 
нек 


Output VSWR f 2 0.1 to 1.5 GHz 
P1 dB Output Power @ 1 dB Gain Compression f20.5GHz ° ` 


50 Q Noise Figure f=05GHz ` 


| Group Delay f=0.5 GHz . оѕес 


Ма ... Device Voltage | V 
dV/dT Device Voltage Temperature Coefficient 


Notes: 1. Short leaded 36 package available upon request. 
2. The recommended operating current range for this device is 12 mA to 30 mA. Typical performance as a function of current is on the following page. 


— 
D 
НИЕ: 
| dim | 2 
| dg | 
P3 Third Order Intercept Point f-0.55GHz | dBm | 00 
| psc | 
_ у | 3 | 
к 
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MSA-0635, -0636 MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


| Absolute 


Typical Performance, TA = 25°С 
(unless otherwise noted) 
































Device Current 50 mA | 
Power Dissipation?3 200 mW DEVICE CURRENT vs. VOLTAGE 
RF Input Power 413 dBm 25 | 
Junction Temperature 200°С Тс = +125°С — ---- 
20 Тс = +25°С am 
Тс = -55°C — — — — 


Storage Temperature^ —65?C to 200?C 


< 15 
= 
Notes: — 40 
1. Permanent damage may occur if any of these limits are exceeded. 
2. TCASE = 25°С | | 5 | 
3. Derate at 6.5 mW/°C for Tc > 169°C. 0 
4. Storage above +150°C may tarnish the leads of this package ° ) š 3 Š 3 
making it difficult to solder into a circuit. Уч, V 
5. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more | 
information. OUTPUT POWER @ 1 dB GAIN COMPRESSION 
| NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
POWER GAIN vs. CURRENT f = 0.5 GHz, lg = 16 mA 
21 
m 20 
a 19 
O 18 
m 17 
© 5 
а. 
Ó Е 4 
© 
. 3 m 
5 2 ш 
a 1 © 
0 





19, mA | Temperature, ^C 
OUTPUT POWER Q 1 dB GAIN COMPRESSION 


vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 


NF, dB 





Frequency, GHz 
Frequency, GHz 


Typical Scattering Parameters: Zo = 50 © ТА = 25°C, Іа = 16 mA 














911 521 912 922 

Freq. CRUISE | OU 

GHz Mag Ang dB Mag Ang dB ` Mag Ang Mag Ang k 
0.1 03 -178 20.5 10.59 171 —23.4 .068 5 04 -44 1.05 
0.2 02 -177 20.3 10.31 161 —22.9 071 8 05 -68 221.04 
0.3 02 —164 20.0 9.96 152 —22.4 .076 14 .06 —87 1.04 
0.4 .02 —116 19.6 9.55 _ 144 —22.0 .079 19 .07 —104 1.03 
0.5 .02 —100 19.2 9.08 136 —21.8 .081 21 .09 -114 1.04 
0.6 04 -89 18.7 8.59 128 -21.3 086 24 09 —123 1.04 
0.8 07 -96 17.7 7.66 115 -20.2 ‚098 . 29 .10 —140 1.03 
1.0 .10 —108 16.6 6.79 103 —19.4 .107 31 11 —156 1.02 
1.5 .17 —134 14.2 5.13 79 —17.2 .138 30 .12 172 1.03 
2.0 .24 —160 12.1 4.01 60 —15.8 .163 26 .12 148 1.04 
2.5 .31 —178 10.3 3.26 48 —15.1 .175 27 .12 140 1.08 
3.0 .37 166 8.7 2.72 ‚ 34 —14.4 .190 24 .11 135 1.10 
3.5 42 151 7.4 2.33 21 —13.9 .203 19 .10 144 1.11 
4.0 46 139 6.2 . 2.04 9 —13.3 .216 16 .08 167 1.11 
4.5 48 126 5.1 1.81 —3 —12.8 229 12. .08 -173 1.11 
5.0 52 110 || 4.2 1.62 —15 —12.2 .245 8 .09 —173 1.09 


A model for this device is available in the DEVICE MODELS section. 


| O HEWLETT MSA-0670 

| PACKARD | _ MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers | | 






Features | | 70 mil Package 
e Cascadable 50 © Gain Block 040 
е Low Operating Voltage (3.5 V typical Va) - a GROUND 
° З dB Bandwidth: DC to 1.0 GHz | 
e High Gain: 19.5 dB typical at 0.5 GHz 
e Low Noise Figure: 2.8 dB typical at 0.5 GHz 020 
° Hermetic Gold-ceramic Microstrip Package RF OUTPUT 
RF INPUT AND BIAS 





Description 


The MSA-0670 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a her- 
metic, high reliability package. This MODAMP™ ММС is 
designed for use as a general purpose 50 Q gain block. 
Typical applications include narrow and broad band IF and 
HF amplifiers in industrial and military applications. 


The MODAMP MSA-series is fabricated using a 10 GHz fr, 004 + .002 070 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- и 


10 
tride self-alignment, ion implantation and gold metallization Y 
to achieve excellent uniformity, performance, and reliability. = r 
The use of an external bias resistor for temperature and cur- T | 
rent stability also allows bias flexibility. 2 Ñ 090 035 


TYPICAL POWER GAIN vs. FREQUENCY Typical Biasing Configuration 
ТА = 25°С, 14=16 mA | | 


(unless otherwise specified) 
A 1. Dimensions аге mm 
2. Tolerances 
GROUND in .xxx = .005 
mm .хх =+ .13 


N 


o 





R bias 
| Q Усс 25V 










RFC (Optional) 


Gp, dB 


С block - © Í|  Cblock 
OUT 


0.1 03 0.5 1.0 3.0 6.0 


Frequency, GHz 


Electrical Specifications!', TA = 25°C 


Parameters and Test Conditions: la=16mA,Zo=502 — — | Unis | Мп > 
Power Gain (|S21|?) | f 20.1 GHz | dB | + | 
| dB |  — | 


_ Ор 
АСР Gain Flatness f = 0.1 to 0.6 GHz 


3 dB Bandwidth | GHz о 


+ 
© 


5 [© 
On t 
| 
ab 


жән ШУН — — — — — — —izWwiSE[- —[-— Ps — 
Output VSWR | f = 0.1 to 1.5 GHz | | ls | ^ 

Output Power @ 1 dB Gain Compression. f = 0.5 GHz | dim | [| 2 | | 
50 G Noise Figure mosa | æ | [25 [о 
IP3 Third Order Intercept Point f = 0.5 GHz | dBm | || 7 
о | rub De (=05 GH | pe | — | æ —— 
va | Device Votage —  — — — И ЕИ БЕСТЕН ЕСТЕН 
Leer | Dove votaoe Тетра Cooder ra 1 — 


Note: 1. The recommended operating current range for this device is 12 mA to 30 mA. Typical performance as a function of current is on the following page. | 
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MSA-0670 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


Absolute 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 











































. Device Current 90 mA DEVICE CURRENT vs. VOLTAGE 
Power Dissipation?? 200 mW 
RF Input Power +13 dBm Тс-»125С --- —— 
Junction Temperature 200°С Тс = +25°С aaa 
Storage Temperature —65°С to 200°С Landi —— ee 
= < 
Е 
Thermal Resistance24: Өс = 130°C/W Е 
Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 
2. ТСАЗЕ = 25°С 
3. Derate at 7.7 mW/°C for ТС > 174°C. 
4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 
OUTPUT POWER Q 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
POWER GAIN vs. CURRENT f = 0.5 GHz, I g= 16 mA 
5 
б. 
© 
co 
be 
с Е 
a m 
Е = 
Š š 
d 
-55 -25 425 485 +125 
lg, mA Temperature, °C 
OUTPUT POWER Q 1 dB GAIN COMPRESSION | 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
tn 
© 
и 
= 
Frequency, GHz шы ыы 
Typical Scattering Parameters: Zo - 50 О ТА = 25?C, la = 16 mA 
S11 | | S21 $12 522 mE 
Freq. ЕСС 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.1 .05 —147 20.5 10.62 172 —23.3 .068 4 05 -69 1.05 
0.2 07 -134 20.4 10.41 164 —23.0 .070 8 .09 —92 1.04 
0.3 .09 —126 20.1 10.16 156 —22.6 .074 12 13 —104 1.02 
0.4 11 —123 19.9 9.85 148 —22.4 .076 14 .16 —113 1.00 
0.5 .13 —123 19.6 9.50 141 —22.0 .079 16 | .20 —121 0.99 
0.6 .15 —123 19.2 9.09 135 —21.8 .082 18 .22 —128 0.97 
0.8 .19 —126 18.4 8.28 122 —20.7 .093 22 .25 -141 0.94 
1.0 .24 —129 17.5 7.46 110 —19.8 .103 22 .27 —154 0.92 
1.5 .31 -141 15.2 5.76 87 -18.2 .124 23 .27 —176 0.91 
2.0 .38 —157 13.0 4.47 68 —17.2 .138 19 .24 166 0.94 
2.5 42 | —167 11.1 3.59 57 —16.7 .146 20 .21 158 1.01 
3.0 46 178 9.5 2.97 45 —16.4 .152 16 .17 156 1.07 
3.5 .48 173 7.9 2.49 33 —16.2 .155 11 14 163 1.15 
4.0 48 164 6.6 2.13 22 —16.1 .156 9 .11 -175 1.27 
4.5 48 155 5.5 1.87 13 —15.9 .161 5 .11 —154 1.35 
5.0 .48 143 4.5 1.67 3 —15.8 .163 3 .14 —141 1.46 


А model for this device is available in the DEVICE MODELS section. 
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DU HEWLETT "E |... MSA-0685 
» PACKARD EM | MODAMP"" Cascadable Silicon Bipolar 
со Ст ЗС - Monolithic Microwave Integrated | 
| | Circuit Amplifiers 


Қ 






Features I | 85 Plastic Package 
е Cascadable 50 © Gain Block | 

° Low Operating Voltage (3.5 V typical Va) | AE I :020 

e З ав Bandwidth: DC to 0.8 GHz J GROUND (14 


е High Gain: 18.5 dB typical at 0.5 GHz 
e Low Noise Figure: 3.0 dB typical at 0.5 GHz 


е Low Cost Plastic Package | | RF INPUT ы" 


AND BIAS 








3 





Description 


The MSA-0685 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a low 


Notes: PEN 
(unless otherwise specified) 


1. Dimensions are in- 2x 


cost plastic package. This MODAMP™ MMIC is designed for GROUND | | 2 2. Tolerances 

use as a general purpose 50 Q gain block. Typical applica- | in .xxx = + 005 
tions include narrow and broad band IF and RF amplifiers in | | А А mm .хх = t.13 
commercial and industrial applications. | Minds 245| | 
The MODAMP MSA-series is fabricated using a 10 GHz f;, 1.52 + .25 _.008 +.002 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- | К | ^s -20 + .05 


tride self-alignment, ion implantation and gold metallization | Е: 
to achieve excellent uniformity, performance, and reliability. ее | 
The use of an external bias resistor for temperature and cur- Т. (4 
rent stability also allows bias flexibility. | ЛИИ ТІ” БЕНЕН 


TYPICAL POWER GAIN vs. FREQUENCY : T ы š 
TA = 25°С, ly =16 mA Typical Biasing Configuration 













Е РР ГИ кө 
15 —— | “у О-Усс 25V 
Я 12 | | 
бо ШИЕ ШЕ Ш ВЕС (Optional) 
|l LL. 22: 
Г |. C block C block 
о |. бет Flat to D.C. IN о s OUT 


Frequency, GHz 


Electrical Specifications', TA = 25°C | ú 
Parameters and Test Conditions: 14 = 16 mA, Zo = 50 Q 


Power Gain (|52112) | = £=0.1 GHz 
| | f = 0.5 GHz 


_ Gain Flatness f = 0.1 to 0.5 GHz 






_ Units - 
| зав |  3dBBandwidth | он; | 
cw и _ ПЕ — — 
Output VSWR — —  —  —— —  f-01tot5GHz | | 
ЖЕЛШ ИТТ OMNI NA ИГ Ж 
50 © Noise Figure | f = 0.5 GHz | dB | 
| Рз | Third Order Intercept Point — | f = 0.5 GHz | dBm | 
| D Group Delay f=0.5GHz ` | psec. | 
ve | Bere Votags — — — — — —— ПОВ 
|. dV/dT | ^ Device Voltage Temperature Coefficient | тус, 


Note: 1. The recommended operating current range for this device is 12 mA to 25 mA. Typical performance as a function of current is on the following page. 
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MSA-0685 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings. 


Absolute 


Typical Performance, Ta = 25°C 
(unless otherwise noted) 








DEVICE CURRENT vs. VOLTAGE 

















Device Current 50 mA 

Power Dissipation?3 200 mW ЕРЕ ККЕ 
RF Input Power +13 dBm Tc = +25°С 

Junction Temperature 150?C Tc =-25°C — — — — 





Storage Temperature —65?C to 150°C 


Thermal Resistance2+: Өјс = 110°C/W 


Notes: 

1. Permanent damage may occur if any of these limits are exceeded. 
2. ТСАЗЕ = 25°С 

3. Derate at 9.1 mW/°C for Тс > 128°C. 


4. See MEASUREMENTS section "Thermal Resistance" for more 
information. 


14; mA 





OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


f = 0.5 GHz, lq = 16 mA 


POWER GAIN vs. CURRENT 


Gp, dB 
Gp, dB 


P4 qp. dBm 
NF, dB 





Temperature, °C 


OUTPUT POWER Q 1 dB GAIN COMPRESSION 
vs. FREQUENCY 


NOISE FIGURE vs. FREQUENCY 


3.5 | lq =30 mA 





NF, dB 
оз 
о 





0.1 02 03 05 _ 1.0 2.0 4.0 
Frequency, GHz 


Frequency, GHz 





Typical Scattering Parameters: Zo = 50 Q ТА = 25°С, la = 16 mA 








S11 521 $12 522 

Freq. TER БЕНИН E acc RN 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.1 .04 | 171 20.1 10.09 171 —22.5 .075 5 .04 -30 1.04 
0.2. 02 -180 19.8 9.75 161 —22.4 .076 10 .05 —56 1.04 
0.3 .02 —143 19.4 9.38 153 —22.2 .077 15 .07 —76 1.05 
0.4 .03 —113 19.1 8.99 145 —21.8 .081 17 .08 -91 1.04 
0.5 .05 —105 18.7 8.57 138 -21.3 086 21 .10 -104 1.04 
0.6 07 -101 18.2 8.14 131 -20.7 092 25 .11 —116 1.03 
0.8 .10 —111 17.3 7.32 119 -19.7 .103 28 .13 —134 1.01 
1.0 .13 —118 16.4 6.57 107 —18.8 .115 28 .14 —150 0.99 
1.5 .21 —140 14.1 5.06 84 —17.1 .140 28 .15 180 1.00 
2.0 .29 —163 12.0 3.98 65 —15.8 .163 26 .16 157 1.02 
2.5 .34 —176 10.3 3.26 55 —15.2 .174 28 .16 150 1.06 
3.0 41 169 8.7 2.71 42 —14.8 .181 25 .15 143 1.10 
3.5 46 157 7.2 2.31 30 —14.2 .194 22 .13 144 1.11 
4.0 .49 146 6.1 2.01 18 —13.8 .203 20 .10 156 1.13 
4.5 .52 135 5.0 1.77 7 —13.4 .215 17 .09 173 1.14 
5.0 .54 123 4.1 1.60 -3 —12.9 .226 15 .09 —178 1.14 


A model for this device is available in the DEVICE MODELS section. 


Ф HEWLETT | | _ МЅА-0686 
48 PACKARD | ID _ MODAMP"" Cascadable Silicon Bipolar - 
| | Monolithic Microwave Integrated ` 
Circuit Amplifiers | 


Features x | 86 Plastic Package = 


е Cascadable 50 О Gain Block | "к= 
е Low Operating Voltage (3.5 V typical Va) 

e 3dB Bandwidth: DC to 0.8 GHz | 

e High Gain: 18.5 dB typical at 0.5 GHz ` n RF INPUT 
e Low Noise Figure: 3.0 dB typical at 0.5 GHz € 
е Surface Mount Plastic Package | 









RF OUTPUT 
AND DC BIAS 


2.43 (0.107) 
1.96 (0.077) ` 


e Tape-and-Reel Packaging Option Available’ GROUND | 

| 3.05 (0.120) 
Description У ЕС: 
The MSA-0686 is а high performance silicon bipolar Mono- WI M 
lithic Microwave Integrated Circuit (MMIC) housed in a low = 0.25 (0.010) 
cost, surface mount plastic package. This MODAMP™ | 171.00.070) || —. mn. M 10 005) 
MMIC is designed for use as a general purpose 50 О gain йы А. Ш 





block. Applications include narrow and broad band IF and 
RF amplifiers in commercial and industrial applications. 0.66 


Тре MODAMP М$А-зепез is fabricated using а 10 GHz +, "m 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 


Typical Biasing Configuration 
. TYPICAL POWER GAIN vs. FREQUENCY, TA = 25°С | B | 










Г. F pias 
— О Vec 25V 
' a Mec o ИЕ 
т VN RFC (Optional) 
9 CUN | | 
ШИК Ж B C block | 
шн ах: но | o our 
__ | KA 
6.0 


0.1 0.3 0.5 1.0 3.0 


mL: 
Sr 


yp. 


f20.1GHz 
f = 0.5 GHz 





о. 
ІШ | 
— 
O) 
сл 
= 
со > 
ло 






| Lo:07 _ 

| o8 | | 
VSWR input VSWR | | f-01t15GHz| | ] 73 |] о 

L NE ПЕТЕР [| | [| 173 | — — 
БЕЗГЕН Output Power @ 1 dB Gain Compression f = 0.5 GHz | | dim | [| 20 ] | 
| NF | 500 Noise Figure | f = 0.5 GHz | d | | 3 |] | 
[ea о m | [s | — 
to | Group Delay [ре | [| 25] — 
м о У [| 28 | 35 | 42 
__ Чут | Device Voltage Temperature Coefficient — | mwc [so | _ 
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Absolute Maximum Ratings 

















Device Current 50 mA 
Power Dissipation?? 200mW 
RF Input Power +13 dBm 
Junction Temperature 150?C 





Storage Temperature —65°С to 150?C 


Notes: | 
1. Permanent damage may occur if any of these limits are exceeded. 
2. [CASE = 25?C | 


3. Derate at 8.3 mW/°C for Tc > 126°C. 


4. See MEASUREMENTS section "Thermal Resistance" for more 
information. 


DEVICE CURRENT vs. VOLTAGE 





20 | Тс = +25°С a 
Tc =-25°С — — — — — 


Ig, mA 


OUTPUT POWER (9 1 dB GAIN COMPRESSION 
vs. FREQUENCY 


P4 dB: dBm 





Frequency, GHz 


Absolute 
Maximum! 


MSA-0686 MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 













Part Number Ordering Information 


Part Number Devices Per Reel 


MSA-0686-TR1 1000 oT 
MSA-0686-TR2 4000 | 13” 


For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 






Typical Performance, T4 = 25°С 


(unless otherwise noted) 


OUTPUT POWER Q 1 dB GAIN COMPRESSION 


NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
f = 1.0 GHz, lqz 16 mA 


20 
19: 
18 
17 


Gp, dB 


NF, dB 


P4 qp. dBm 
O = NGOA л 





Temperature, °С 


NOISE FIGURE vs. FREQUENCY 


NF, dB 





Frequency, GHz ` 





Typical Scattering Parameters: Zo = 50 O 


S1 | S21 

Freq. oe | | 
| GHz Mag Ang dB Mag Ang 
0.1 .06 —175 20.1 . 10.08 170 
02 .06 —169 19.8 9.77 161 
0.3 .07 —164 19.4 9.35 152 
0.4 .08 —158 19.1 8.98 144 
0.5 .08 —154 18.7 8.58 135 
. 0.6 .09 —152 18.0 7.94 128 
0.8 .12 —152 17.2 7.25 114 
1.0 .15 —154 16.3 6.51 102 
1.5 25 -171 14.0 5.01 76 
2.0. .34 171. 11.9 3.94 56 
2.5 43 155 9.8 3.09 42 
3.0 .49 140 80 2.51 28 
3.5 .56 128 64 2.09 15 
4.0 .61 118 5.0 1.78 3 
5.0 .70 99 2.4 1.32 —18 


A model for this device is available in the DEVICE MODELS section. 
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ТА = 25°C, la = 16 mA 





S12 | S22 | 
dB Mag Ang Mag Ang k 
—23.3 .069 4 .04 —84 1.05 
—23.2 .069 8 .07 —103 1.05 
—22.5 075 13 10: -113 1.03 
—22.2 .078 16 13 -123 1.02 
—21.6 .083 18 .15 —131 1.01 
—21.1 .088 21 .18 —140 1.01 
—20.3 .097 25 .21 —155 1.00 
—19.5 .106 25 .24 —168 0.99 
—17.6 .133 22 27 _ 165 0.99. 
-16.1 157 19 27. 147 . 1.01 
—15.9 .161 16 .27 134 1.06 
-15.3 4171 11 ‚226 124 1.10 
—15.1 .175 6 25 118 1.13 
-14.9 180 З .24 115 1.15 
_—14.7 .185 —2 .24 118 1.16 


HEWLETT .. MSA-0700 

PACKARD MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers | 





С 








Features Chip Outline’ 


e Cascadable 50 Q Gain Block iran dE 5 
• Low Operating Voltage (4.0 V typical Va) | Ф 

e З ав Bandwidth: DC to 2.5 GHz 
e 13.0 dB typical Gain at 1.0 GHz 











Description 


The MSA-0700 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) chip. This 
MODAMP™ MMIC is designed for use as a general purpose 
50 Q gain block. Typical applications include narrow and 
broad band IF and RF amplifiers in commercial, industrial 
and military applications. 


The MODAMP MSA-series is fabricated using a 10 GHz fr, 
25 GHz fuax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. | 


419 um 
16.5 mil 


INPUT 


GROUND 


The recommended assembly procedure is gold-eutectic die Unissa — specihoa, tolerances are 
attach at 400°C and either wedge or ball bonding using 0.7 нек ч АДЫ, PT 
mil gold wire. See APPLICATIONS section, "Chip Use". are 41jm / 1.6 mil typical on each sido. 


* Output contact is made by die attaching 
TYPICAL POWER GAIN vs. FREQUENCY the backside of the die. 
ТА = 25°C, ц = 22 mA Typical Biasing Configuration 


ИЕШЕ ШЕШЕНЕ м ||| 
РИ М 
_ {ti} LLL KEE 
| | lll | | INT 
ГІП | | TL TN 
||| [INA 
Ganfiatton.c. | | | | | ||] 
3 0.5 1.0 3.0 


0.1 0. 











Я bias 










Vec 25 V 






Gp, dB 





RFC (Optional) 






C block 


o OUT 


C block 





Frequency, GHz 


Electrical Specifications’, Ta = 25°C 


Power Gain (|9212) f-0.1 GHz | dB | 
| dB _ 
| GHz _ 





Gain Flatness f 2 0.1 to 1.5 GHz 
3 dB Bandwidth GHz 
Input VSWR f = 0.1 to 2.5 GHz MEN 
VSWR | 
Output VSWR _+=0.1 0 2.5 @Н2 | | 
Output Power @ 1 dB Gain Compression, f 2 1.0 GHz | dBm | 
50 Q Noise Figure f = 1.0 GHz | dB | 


j P Third Order Intercept Point f = 1.0 GHz 
| ' 00 Group Dela | f = 1.0 GHz ° 
| 4.0 4. 


dV/dT Device Voltage Temperature Coefficient s 55 


Notes: 1. This chip contains additional biasing options. The performance specified applies only to the bias option whose bond pads are indicated on the chip outline. 
Refer to the APPLICATIONS section “MODAMP™ Silicon MMIC Chip Use" for additional information. 


2. The recommended operating current range for this device is 15 mA to 40 mA. Typical performance as a function of current is on the following page. 
3. RF performance of the chip is determined by packaging and testing 10 devices per wafer in a dual ground configuration: — | 


T 


E Р 
o = ` 
er э ә ( 
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MSA-0700 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 
Maximum 














Part Number Ordering Information 













Device Current 60 mA Part Number Devices Per Tray 
Satie | | 
а 5” gs cha MSA-0700-GP2 10 
ирикке Еи MSA-0700-GP4 up to 100 
Junction Temperature 200°C MSA-0700-GP6 
Storage Temperature —65°С to 200°C 


Notes: | 

1. Permanent damage may occur if any of these limits are exceeded. 
2. TMOUNTING SURFACE = 29°C ` 

3. Derate at 20 mW/°C for TMOUNTING SURFACE > 186°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. MOUNTING 
SURFACE TEMPERATURE 


POWER GAIN vs. CURRENT f = 1.0 GHz, lq = 22 mA 


з м БЕНЕН БЕНЕН | 

б. ; 

UM иша бы 

— ыы j|. 

- g 
2 киш ишин 
Е | 

"w және qu: 

3, d 

Š 4 NUN — 

г — ЕНЕ | 

айы. %85 +125 





Temperature, °C 


OUTPUT POWER Q 1 dB САМ COMPRESSION 


vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 











E 
m 
v a 
> © 
: z 
а. 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters’: Zo = 500 ТА = 25°С, la = 22 mA 
GHz Mag Ang В Мо Ағ dB Mag Ang Маа Ang k 
0.1 04 5 13.5 4.75 176 —18.6 118 2 20 -9 1.14 
0.2 05 -8 13.5 4.74 172 18.4. 120 3 2119 -16 1.14 
0.4 06 -19 13.5 4.74 _ 163 -18.3 ` 121 7 20 -30 1.13 
0.6 08 -32 13.5 4.71 156 —18.1 124 9 21 -44 4.12 
0.8 10 —41 13.4 4.67 147 —17.5 133 12 | 23 —69 1.07 
1.0 12 -50 13.2 459 138 —17.6 133 -13 23-68 1.07 
15 _ 20 —73 12.7 4.30 117 —16.6 447 17 23 | -91 1.01. 
2.0 31 -98 12.1 4.05 97 —15.8 163 17 22 —105 0.94 
2.5 38 —112 11.0 3.55 85 -153 471 18 18 —103 0.93 
3.0 43 —128 9.6 3.01 69 —15.3 171. 17 9 -96 0.97 
3.5 48 -141 8.2 2.57 56 —15.3 172 17 21 -87 1.01 
40 48 -153 6.8 2.20 45 —15.2 174 14 26 -83 1.07 
5.0 49 —179 4.6 1.70 26 —15.2 174 12 31 -86 1.22 
6.0 54 154 2.5 1.34 9 —15.6 166 13 33 _98 1.38 


Note: 4. S-parameters are de-embedded from 70 mil package measured data using the package model found in the DEVICE MODELS section. 
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HEWLETT MSA-0711 
PACKARD MODAMP™ Cascadable Silicon Bipolar 
| Monolithic Microwave Integrated 
Circuit Amplifiers 


Ф, 








Features | | SOT-143 Package 


е СазсадаЫе 50 © Gain Block | LOW PROFILE 

e 3dB Bandwidth: DC to 1.9 GHz 

° 12.0 dB typical Gain at 1.0 GHz ü CHER 
e Unconditionally Stable (k>1) 


° Low Cost Surface Mount Plastic Package 
e Tape-and-Reel Packaging Option Available’ 


Description 


The MSA-0711 is a low cost silicon bipolar Monolithic Micro- 
wave Integrated Circuit (MMIC) housed in the surface mount 
plastic SOT-143 package. This MODAMP™ MMIC is designed 
for use as a general purpose 50 © gain block. Typical applica- 
tions include narrow and broad band IF and RF amplifiers in 


commercial and industrial applications. 3.06 (0.120 
2.80 (0.110) 0.15 (0. 
| 0 


0 
The MODAMP MSA-series is fabricated using а 10 GHz +, ———,- 908 (0909) 
25 GHz fmax Silicon bipolar MMIC process which utilizes nitride 1.02 (0.041 d 
self-alignment, ion implantation and gold metallization to Lp ea zz 


achieve excellent uniformity, performance, and reliability. The | 
use of an external bias resistor for temperature and current sta- EE 0.69 (0.027) 


bility also allows bias flexibility. vn E | 


(0.007) 
MIN. 
2.642 (0.104) 
2.108 (0.083) 
1.753--- 
(0.069) 
МАХ. 





1.78 (0.070) 


0.60 (0.024) 
0.45 (0.018) 














Typical Biasing Configuration 


R bias 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 


О vcc25 V 







RFC (Optional) 


C block 
OUT 


Electrical Specifications?, TA = 25°С 


Parameters and Test Conditions: ld = 22 mA, Zo = 500 ^ Units | 
Power Gain (|S21|?) f 20.1 GHz 13.0 
| f = 1.0 GHz 10.0 | 12.0 


5 
5 


G Gain Flatness f = 0.1 to 1.3 GHz | 208 — 


Input VSWR f 2 0.1 to 2.0 GHz 
VSWR 
Output VSWR f 2 0.1 to 2.0 GHz 


— 
— 
Pras | Output Power @ 1 dB Gain Compression — í-10GHz | aem | 
NF | S0QNoseFigue  ї-10би | e 

Third Order Intercept Poin об [| am 

“бора шот | Pse , 
7 


dV/dT Device Voltage Temperature Coefficient 


Notes: 1. Refer to PACKAGING section "Tape-and-Reel Packaging for Semiconductor Devices." 
2. The recommended operating current range for this device is 15 mA to 30 mA. Typical gain performance as a function of current is on the following page. 


=k 
сл 
irt 
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Absolute Maximum Ratings 













Device Current 







RF Input Power 


Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 
2. ТСАЗЕ = 25°С 
3. Derate at 2.0 mW/°C for Tc > 62°C. 


4. See MEASUREMENTS section “Thermal Resistance" for more 
information. 


Power Dissipation?3 


Junction Temperature 
Storage Temperature 









POWER GAIN vs. FREQUENCY 
lg = 22 mA 


J Absolute 


50 mA 
175 mW 
413 dBm 
150°С 
—65°С to 150°С 












MSA-0711 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 








Part Number Ordering Information 


Part Number Devices Per Reel 
MSA-0711-TR1 3000 7 
MSA-0711-TR2 13" 


10000 
For more information, see "Tape and Reel Packaging for Surface 
Mount Devices, page 






Typical Performance, Ta = 25°C 
(unless otherwise noted) 


POWER GAIN vs. CURRENT 











g g 
5 $ 
Frequency, GHz 
OUTPUT POWER Q 1 dB GAIN COMPRESSION 
| vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
lg = 22 mA la = 22 mA 

5 e 

© © 

9 d 

d 

з 0.1 0.2 0.3 0.5 1.0 2.0 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 Q | TA = 25°C, la = 22 mA 
| Su | S21 S12 $22 

Freq. 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 2403 1 13.0 4.47 174 -18.6 .118 1 19 —8 
0.2 .04 1 12.9 4.42 168 —18.5 .119 2 .19 —18 
0.4 .04 —4 12.8 4.38 157 —18.4 .120 4 .19 —96 
0.6 | .05 —19 12.6 4.28 146 —18.1 125 9 19 —52 
0.8 07 -32 12.3 4.14 135 -17.7 .130 10 .20 —68 
1.0 .08 —44 12.0 3.99 123 —17.4 .135 12 .19 —82 
1.5 .13 —88 10.9 3.52 98 —16.1 157 13 19 —113 
2.0 .18 —130 9.8 3.08 75 —15.2 .173 8 18 —138 
2.5 .25 -155 > 8.6 2.68 61 —14.7 .184 | 9 .18 —151 
3.0 32 —178 7.2 2.30 42 —14.7 .185 5 17 —158 
3.5 .38 165 5.8 1.96 26 —14.8 .181 3 17 —150 
4.0 42 152 4.5 1.68 12 —14.7 ‚2184 1 20 —142 


A model for this device is available in the DEVICE MODELS section. 
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D HEWLETT i | MSA-0735, -0736 
PACKARD | | 22 MODAMP™Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 





Features | | р 35 micro-X Package’ 


е Cascadable 50 © Gain Block кектене 
е Low Operating Voltage (4.0 V typical Va) | 
e 3dB Bandwidth: DC to 2.4 GHz 

e 13.0 dB typical Gain at 1.0 GHz 

е Unconditionally Stable (k>1) 

e Cost Effective Ceramic Microstrip Package 






.083 
544 DIA. 


RF OUTPUT 
AND BIAS — | 


RF INPUT 






020 — 
Description .508 

The MSA-0735 is a high performance silicon bipolar Mono- GROUND 

lithic Microwave Integrated Circuit (MMIC) housed in a cost Notes: 

effective, microstrip package. This MODAMP™ MMIC is de- (unless otherwise specified) 
signed for use as a general purpose 50 Q gain block. Typi- 1. Dimensions are -!'- 

cal applications include narrow and broad band IF and RF „057 5.010 100 2. Tolerances id 
amplifiers in industrial and military applications. 1.45 + 25 2.54 in .xxx = 5.005 


The MODAMP MSA-series is fabricated using a 10 GHz f;, | | И 


25 GHz fmax silicon bipolar MMIC process which utilizes ni- | 


tride self-alignment, ion implantation and gold metallization 1 \ | өй 
to achieve excellent uniformity, performance, and reliability. 252 к nai | 
The use of an external bias resistor for temperature and cur- 022 toe 


rent stability also allows bias flexibility. 56 


.006 *.002 
Available in cut lead version (package 36) as MSA-0736. .15 + .05 
TYPICAL POWER GAIN vs. FREQUENCY Typical Biasing Configuration 
ТА = 25°С, lq222 mA 
14 тт т a aT | R bias 


D Усс>5У 






RFC (Optional) 


C block | C block 





0.1 03 05 10 730 60 
Frequency, GHz 


Electrical Specifications’, TA = 25°C 


Symbol Parameters and Test Conditions: lg = 22 mA, Zo = 50 О | Units | 
СР Power Gain (|$21 |2) f 2 0.1 GHz | dB | | 
AGP Gain Flatness f = 0.1 to 1.3 GHz | dB | 
їз dB 3 dB Bandwidth | 

— Input VSWR f=0.1t025GHz| 0-0 


О 
c 
5 
< 
О) 
= 
JJ 
|| 

o 
5 
x 
сл 
D 
+ 
N 


P1 dB Output Power @ 1 dB Gain Compression f = 1.0 GHz 
NF 50 Q Noise Figure f 2 1.0 GHz 
IP3 . Third Order Intercept Point {= 1.0 GHz 


Vd Device Voltage V 4.4 


Notes: 1. Short leaded 36 package available upon request. 
2. The recommended operating current range for this device is 15 mA to 40.mA. Typical performance as a function of current is on the following page. 
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MSA-0735, -0736 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings | | Typical Performance, Ta = 25°C 
1 (unless otherwise noted) 
mam 







Device Current 60 mA 















Power Dissipation?? 275 mW 
RF Input Power +13 dBm 
Junction Temperature 200°С 
Storage Temperature^ 


—65°С to 200°C 





Notes: 

1. Permanent damage may occur if any of these limits are exceeded. 

2. TCASE = 29°C 

3. Derate at 6.5 mW/°C for Tc > 157°C. 

4. Storage above +150°C may tarnish the leads of this package 
making it difficult to solder into a circuit. | 


5. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section “Thermal Resistance" for more 
information. 





OUTPUT POWER Q 1 dB GAIN COMPRESSION à 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


POWER GAIN vs. CURRENT f = 1.0 GHz, 14 =22тА - 





Gp, dB 





19, mA Temperature, ^C 


OUTPUT POWER @ 1 dB GAIN COMPRESSION | 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 


14= 15 mA 


p 14= 22 тА4 


P4 ав. dBm 





Frequency, GHz Frequency, GHz 








Typical Scattering Parameters: Zo = 50 © TA = 25°C, la = 22 mA 
S11 | | $21 2% $512 | | | S22 р | 
Freq. — ——— — — ———— ттн ш а 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .13 3 0 13.5 4.71 175 ` —19.0 .112 2 .29 -7 
0.2 .13 —6 13.4 4.69 170 —18.5 .119 З .29 —12 
0.4 14 —13 13.4 4.68 _ 160 -18.6 .118 6 29 —24 
0.6 .16 —20 13.3 4.64 150 —18.4 .120 7 .28 | -35 
0.8 49 —29 || 132 4.60 140 —18.1 .125 8 .28 —47 
1.0 .21 —40 | 12.9 4.42 129 —17.6 .131 10 27 —58 
1.5 27 -71 | 12.2 4.07 104 —16.5 .149 10 .24 2-83 
2.0 .32 | —107 11.5 . 3.74 79 —15.6 .165 7 .19 —103 
2.5 .37 —134 10.3 3.26 62 —15.3 173 5. 15 —113 
3.0 43 —160 8.8 2.76 44 —15.4 .171 0 .14 —120 
3.5 .47 —179 7.5 2.37 27 —15.3 .173 -4 16 —120 
4.0 49 167 6.2 2.05 12 —15.2 .168 -6 21 22-121 
5.0 .51 134 4.0 1.59 —15 —15.2 .173 —11 .28 —135 
6.0 .60 96 2.1 1.27 —42 -14.6 ` .185 —16 _.29 —167 


A model for this device is available т the DEVICE MODELS section. 
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HEWLETT E T MSA-0770 
PACKARD E ° ; 2 MODAMP"" Cascadable Silicon Bipolar 
EE Monolithic Microwave Integrated 
Circuit Amplifiers m 





G 


Features | m | | 70 mil Package I 

e Cascadable 50 Q Gain Block | | m .040 it! 

e Low Operating Voltage (4.0 V typical Va) 

° Зав Bandwidth: DC to 2.5 GHz 
е 13.0 dB typical Gain at 1.0 GHz 


GROUND 







е Unconditionally Stable (k>1) 020 

• Hermetic, Gold-ceramic Microstrip Package REINES RF OUTPUT — 

Description f О 

The MSA-0770 is a high performance silicon bipolar Мопо- | 
lithic Microwave Integrated Circuit (MMIC) housed in a her- — Бый rino fied) 


1. Dimensions are mm 
2. Tolerances 


metic, high reliability package. This MODAMP™ MMIC is 


designed for use as a general purpose 50 Q gain block. 2L] GROUND іп .xxx=t .005 
Typical applications include narrow and broad band IF and mm.xxzt .13 
RF amplifiers in industrial and military applications. | | 

"e | | 004 = .002 070 | | 
The MODAMP MSA-series is fabricated using a 10 GHz fr, 10 + .05 1.70 


25 GHz fmax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 


to achieve excellent uniformity, performance, and reliability. T | 
The use of an external bias resistor for temperature and cur- | 495 + .030 
| | 12.57 + .76 


rent stability also allows bias flexibility. 


TYPICAL POWER GAIN vs. FREQUENCY Tvpical Biasina Confi | 
Саня ypical Biasing Configuration 


14 Li TT TY eae 





R bias 


» Усс 25V 






Gp, dB 


RFC (Optional) 


8 
СІС ЩЩ 

4 | | | 
ЕСЦ pé | “wes 
s Lemna ||| | | TIT н о 

0.1 0.3 


0.5 1.0 | 3.0 6.0 
Frequency, GHz 


Electrical Specifications!, TA = 25°C ШЕ 


| Symbol | Parameters and Test Conditions: lg = 22 mA, Zo = 50 Q | units | Min. | Тур. | 
| Ge | Power Gain (1521/2) _ t-01GHz | dB | 125 | 


H I 
[= ч 
© | 


Ағ |  GainFlatness — — — — — — — — ^  (f-01tot5GHz| dB | | 206 | 
Input VSWR += 0.110 2.5 @Н2 | — “` 
Output VSWR f2-0.1t1025GHz | — | 
| Pip | Output Power@1dBGainCompression — —  f-10GHz | dBm | 
50 © Noise Figure f = 1.0 GHz | dB | 
| dBm — 

| psec. _ 

OV 


Third Order Intercept Point f = 1.0 GHz 


| tp | Group Delay | f = 1.0 GHz | 
Device Voltage | V 
dV/dT . Device Voltage Temperature Coefficient 


Note: 1. The recommended operating current range for this device is 15 mA to 40 mA. Typical performance as a function of current is on the following page. 
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MSA-0770 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


Absolute 


Typical Performance, Ta = 25°С 


(unless otherwise noted) 



















Device Current 60 mA 
Power Dissipation?? 275 mW |. 
RF Input Power 413 dBm 
Junction Temperature 200°С 
Storage Temperature —65?C to 200°C 





Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 


2. [CASE = 25°C 
3. Derate at 7.7 mW/°C for Tc > 164°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Өјс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 





OUTPUT POWER Q 1 dB GAIN COMPRESSION | 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


POWER GAIN vs. CURRENT _ f = 1.0 GHz, lg = 22 mA 





° x NEN 
© ПИШ „а 
ы Г 
a + 
a — — | 5 9 
i = — эш 
ы, Е 
Е ——" — 
: — Lo 
ч — жақ 
ü +25 | +85 | 4125 





Temperature, ^C 


OUTPUT POWER Q 1 dB GAIN COMPRESSION 
| vs. FREQUENCY 





id= 22 mA. 


У = 40 тА | 


P4 dB: dBm 





Frequency, GHz 


Frequency, GHz 


Typical Scattering Parameters: Zo = 50 © | | | ТА = 25°C, la =22тА 
S11 | $21 $12 S22 
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Fre 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 .04 —7 13.5 4.74 175 —18.6 .118 2 .20 —10 
0.2 „05 —11 13.5 4.72 170 —18.4 .120 2 .19 -18 
0.4 .06 —24 13.4 4.70 160 —18.4 .121 6 .20 —34 
0.6 .08 —38 13.4 4.65 151 —18.1 .124 7 21 —50 
0.8 .10 —48 13.2 4.58 141 —17.8 .133 9 .23 —76 
1.0 .12 . —58 13.0 4.47 131 —17.5 .133 9 .23 —/6 
1:5 .20 —82 12.3 4.12 107 —16.6 .148 10 923 —101 
2.0 430 —107 11.6 3.82 85 —15.7 .163 8 22. —116 
2.5 .37 —123 10.4 3.33 70 —15.3 .171 7 .19 —116 
3.0 42 —140 9.0 _ 2.83 52 —15.4 .170 Ic .20 —111 
3.5 .46 —154 7.7 2.42 37 —15.4 .170 1 .23 —107 
4.0 47 —167 6.4 2.08 23 —15.5 .169 —4 .29 —107 
5.0 47 163 4.2 1.63 —1 —15.5 167. -9 435 —116 
6.0 .51 131 2.3 1.30 —23 —15.9 .160 —11 .38 —133 

A model for this device is available in the DEVICE MODELS section. 


HEWLETT mE MSA-0785 
PACKARD mE | | . MODAMP"" Cascadable Silicon Bipolar 
| | | Monolithic Microwave Integrated 
Circuit Amplifiers Us 


G 








Features 85 Plastic Package | 


° Cascadable 50 Q Gain Block Á 
e Low Operating Voltage (4.0 V typical Va) Es ^ 


e 3dB Bandwidth: DC to 2.0 GHz GROUND 
° 12.5 dB typical Gain at 1.0 GHz | | 

e Unconditionally Stable (k>1) 

е Low Cost Plastic Package |. RF INPUT 






RF OUTPUT. 
АМО ВІАЅ ` 





Notes: 


Description "o 
(unless otherwise specified) 


The МЅА-0785 is a high performance silicon bipolar Mono- 

lithic Microwave Integrated Circuit (MMIC) housed in a low о 2. Tolerances 

cost plastic package. This MODAMP™ MMIC is designed for | - іп .xxx = +.005 
ы 085 a mm .xx = +.13 


1. Dimensi Jn. 
| ensions аге mm 


use as a general purpose 50 © gain block. Typical applica- 


tions include narrow and broad band IF and RF amplifiers in 2 ТБ 
commercial and industrial applications. .060 1.010 | u : 

1.52 + .25 = `.008 + .002 
The MODAMP MSA-series is fabricated using a 10 GHz fr, | | МБ 2720 t.05 


25 GHz fuax silicon bipolar MMIC process which utilizes пі- E 
tride self-alignment, ion implantation and gold metallization + ——O o LE 
to achieve excellent uniformity, performance, and reliability. | == | к 
The use of an external bias resistor for temperature and cur- | | | | .500 + .030 | 


rent stability also allows bias flexibility. | .020 12.7 + .76 


Typical Biasing Configuration 


TYPICAL POWER GAIN vs. FREQUENCY 
ТА = 25°С, 14 =22 mA 
Я Баз 


JY Усс>5У 








RFC (Optional) | 


Gp, dB 


C block Е ү C block 
— OUT 





Frequency, GHz | | — 


Electrical Specifications!, Ta = 25°C 


Parameters and Test Conditions: Іа = 22 mA, Zo = 500 


Power Gain (|521 |2) f = 0.1 GHz dB = 13.5 
 f=1.0 GHz 10.5 12.5 _ 


Gain Flatness f 2 0.1 to 1.3 GHz | dB 
| Зав Bandwidth | 


Input VSWR f=0.1 to 2.5 GHz 
Output VSWR = f=0.1 to 2.5 GHz 


— 

ИШЕ 

КЕНЕ КЕНЕ 

ЖЕЛЕ MEME 

L. OutputPowerQ 1dBGainCompression | — f-10GHz | чт | | 55 ` 

- -B [| — 

_ Вт | 

— 

S 32 | 

Gs 





` 


VSWR 


Group Delay | f = 1.0 GHz 
Vd 
m 


Р 
co 


ШЕГИ 


on the following page. 
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MSA-0785 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings | Typical Performance, Ta = 25°С 


Absolute (unless otherwise noted) 
Parameter 5 


Device Current | 60 mA DEVICE CURRENT vs. VOLTAGE 






















Power Dissipation?? 275 mW 

Тс = +85°С — --- 
RF Input Power +13 dBm Тс = +25°С 
Junction Temperature 150?C 


Storage Temperature —65°С to 150?C 


Thermal Resistance2+: Өс = 110°C/W 


Notes: 

1. Permanent damage may occur if any of these limits are exceeded. 
2. TCASE = 25°C | | 

3. Derate at 9.1 mW/°C for Tc > 120°C. 


4. See MEASUREMENTS section "Thermal Resistance" for more 
information. - 


а, mA 





OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 











POWER GAIN vs. CURRENT f = 1.0 GHz, ly = 22 mA | 
14 ' 
s L | j j j| I 
o 12 - | T. rm Gp | 
{| {| | jẹ : 
j | ee еі 5 5 
— Ы 
_ C T | | | J |, 
E. SE MAG NUI КӨШЕ к 
- || | |.— T _ 
° L л у ЕЕ ЕЕЕ 
а. | -25 0 +25 +55 +85 
Temperature, °C 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
E 
en en 
T = 
m = 
о 
Frequency, GHz | Frequency, GHz 
Typical Scattering Parameters: Zo =50Q  — | TA = 25°C, la = 22 mA 
| S11 S21 | 912 $22 | 
Freq. “=== ЕЕЕ —— а қасқа == 
GHz Mag Ang dB Mag Ang dB Mag Ang | Mag Ang 
0.1 .05 166 13.5 4.73 174 —18.4 .120 1 .14 —11 
0.2 _.05 151 13.4 4.70 | 169 —18.3 .122 3 .14 —21 
0.4 .04 115 13.3 4.63 158 —18.3 .121 6 .14 —40 
0.6 .04 65 13.1 4.53 148 —18.0 .125 © 7 .16 —58 
0.8 .05 26 12.9 4.41 138 —17.8 .129 _ 9 | .17 —71 
1.0 .06 —5 12.6 4.25 127 —17.6 .1 32 10 .18 —84 
1.5 .08 —51 11.6 3.82 104 —16.5 .149 12 .18 —109 
2.0 11 —99 10.5 . 3.33 82 —15.9. .161 11 | .17 —126 
2.5 14 —127 9.3 2.91 68 —15.2 .174 13 | .16 —134 
3.0 20 —154 7.9 2.48 52 | —14.8 .183 7 .16 —139 
3.5 25 -173 6.7 2.16 . 37 —14.7 .184 5 .16 —132 
4.0 29 171 5.5 1.88 23 —14.8 .182 1 .18 —130 
5.0 .35 139 3.5 21.50 —1 —14.3 .193 —6 | .21 | —133 
6.0 .46 100 1.7 1.22 —26 —14.5 .189 —14 .20 —169 


A model for this device is available in the DEVICE MODELS section. 
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Kip HEWLETT СОН B MSA-0786 
PACKARD | = MODAMP™ Cascadable Silicon Bipolar . - 
| Monolithic Microwave Integrated . | 0 
Circuit Amplifiers с “ee 








Features 


е Cascadable 50 О Gain Block | 

° Low Operating Voltage (4.0 V typical Va) 
e 3dB Bandwidth: DC to 2.0 GHz 

e 12.5 dB typical Gain at 1.0 GHz 

e Unconditionally Stable (k>1) 

e Surface Mount Plastic Package 


° Tape-and-Reel Packaging Option Available’ | 
3.05 (0.120) 
2.16 (0.085) 


Description | 


The MSA-0786 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a low 
cost, surface mount plastic package. This MODAMP™ 
MMIC is designed for use as a general purpose 50 Q gain 
block. Applications include narrow and broad band IF and 
RF amplifiers in commercial and industrial applications. 


The MODAMP MSA-series is fabricated using a 10 GHz fr, 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- 


1.77 (0. 
1.27 (0.050) 


86 Plastic Package | 


GROUND ` 






- RF OUTPUT 
AND DC BIAS 


ç 
ts _ 2.16 | 
- (0.085) ТТР 
(0.070) | | | Кк 0.15 (0.006) 
ZL + 


0.66 
(0.026) 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 


tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 


Typical Biasing Configuration 
TYPICAL POWER GAIN vs. FREQUENCY, Ta = 25°C 









16 R 
“Т ТТ | TITI  -— 
12 

e [LI T IL [TENT $ НЕС (Optional) - 

5 8 l,zi5mA ~ — — 

o d^ | 





14 = 22 тА  Cblock . 


o OUT 














HESTA | | [À 





\ . 
[вам мачо р.с. | || — | — [| | IN 
0.1 0.3 0.5 1.0 3.0 6.0 


Frequency, GHz 


Electrical Specifications?, TA = 25°С 





· Parameters and Test Conditions: lg = 22 mA, 20 = 50 Q 


Power Gain (|S21/?) f 20.1 GHz i 
f = 1.0 GHz 


G Gain Flatness | f = 0.1 to 1.3 GHz 


вав з dB Bandwidth | 
VSWR Input VSWR _ | f = 0.1 to 2.5 GHz 


Output VSWR f = 0.1 to 2.5 GHz 


P1 ав Output Power @ 1 dB Gain Compression f 21.0 GHz 


NF 
Vd 


T 





D 


7D 


dV/dT Device Voltage Temperature Coefficient отус | | ]|-o = 


Notes: 1. Refer to PACKAGING section "Tape-and-Reel Packaging for Semiconductor Devices." | 
2. The recommended operating current range for this device is 15 mA to 40 mA. Typical gain performance as a function of current is on the following page. 
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Absolute Maximum Ratings 










Device Current 60 mA 
Power Dissipation?23 275 mW 
RF Input Power | +13 dBm 
Junction Temperature 150°С 


Storage Temperature 


—65?C to 150°С 


Absolute 


MSA-0786 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 

















Notes: 


1. Permanent damage may occur if any of these limits are exceeded. 


2. TCASE = 25°C 
З. Derate at 8.3 mW/°C for Tc > 117°C. ` 


4. See MEASUREMENTS section “Thermal Resistance” for more 


information. 


DEVICE CURRENT vs. VOLTAGE 








Part Number Ordering Information 


Part Number Devices Per Reel Reel Size 


MSA-0786-TR1 - 1000 7 
MSA-0786-TR2 4000 13" | 


For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 










Typical Performance, ТА = 25°C | 


(unless otherwise noted) 


OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
. fs10GHzl,222mA 0 


14 











° 13 ы Кс см 
8 „| о, 
š | | Lem 25 
Š РГ Ë 
с т | | | LI, — 
à «LL | | .— + T Ls 
5 p 
тас л у [| | | 
-25 0 +25 +55 +85 
Temperature, °C 
OUTPUT POWER @ 1 dB GAIN COMPRESSION | | 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
E 
Б g 
Ф u 
© = 
d 
0.1 02 03 0.5 1.0 2.0 4.0 5 91 02 03 0.5 1.0 2.0 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 500 TA = 25°С, lg = 22 mA 
Freq | S11 S21 S12 2 $22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.1 05 175 13.5 4.74 174 -18.7 116 1 14 -12 
0.2 05 174 13.4 .471 169 -18.7 .117 3 14 _ —e2 
.0.4 .04 167 13.3 4.64 158 —18.4 .120 4 15 —44 
0.6 .04 175 13.1 4.52 148 --18.3 .122 7 .16 —65 
0.8 .05 —156 12.9 4.39 138 —18.0 .126 8 17 -84 
1.0 .06 —134 12.6 4.25. 127 _ —17.5 .134 10 48 . —102 
1.5 .08 —142 11.6 3.79 103 —16.6 .148 9 21 —139 
2.0 AS —159 ` 10.5 . 3.34 80 —15.7 .164 7 ‚23 —164 
2.5 .25 —176 9.2. 2.89 63 —15.1 .176 5 ‚24 174 
3.0 33 166 7.8 2.45 44 —14.7 .185 1 .24 159 
3.5 .41 150 6.5 2.11. 27 -14.9 .179 —5 .24 149. 
4.0 .49 137 5.2 1.82 12 —15.1 .177 -9 ‚23 145 
5.0 60 116 3.0 1.41 —14 —15.4 .169 —14 .26 145 


A model for this device is available in the DEVICE MODELS section. 
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| (> paterni | | _ MSA-0800 
| PACKARD | г, 22222 MODAMP"M Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers x 






















Features I | | Chip Outline’ 

e Usable Gain to 6.0 GHz | 

е High Gain: i | GROUND 
32.5 dB typical at 0.1 GH | “А 
23.5 dB typical at 1.0 GHz 

e Low Noise Figure: = 
3.0 dB typical at 1.0 GHz EE 

Description | INPUT = 12 mil 


The MSA-0800 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) chip. This 
MODAMP™ MMIC is designed for use as a general purpose 
50 Q gain block above 0.5 GHz and can be used as а high 
gain transistor below this frequency. Typical applications in- 


OPTIONAL 
OUTPUT * 





clude narrow and broad band IF and RF amplifiers in com- | 
mercial, industrial and military applications. | | = = | 

| | wom | 
The MODAMP MS^-series is fabricated using a 10 GHz fr, 7 
25 GHz fux silicon bipolar MMIC process which utilizes ni- ее ТЕЕ et оа tolerances аге 
tride self-alignment, ion implantation and gold metallization Chip prick wean ic 114 ит / 4.5 mil. Bond pads 
to achieve excellent uniformity, performance, and reliability. are 41 рт / 1.6 mil typical on each side. 
The use of an external bias resistor for temperature and cur- . * Output contact is made by die attaching 
rent stability also allows bias flexibility. . 01658658108 оге Ce: 


The recommended assembly procedure is gold-eutectic die 
attach at 400°C and either wedge or ball bonding using 0.7 
mil gold wire. See APPLICATIONS section, "Chip Use". 


m a | Typical Biasing Configuration 


Я bias 


е Vcc210 V 






RFC (Optional) 


Gp, dB 


C block 


— OUT 





Frequency, GHz 


Electrical Specifications?, TA = 25°C с 


© GP Power Gain (|S21]?) f = 0.1 GHz | 
f = 1.0 GHz 
f 2 4.0 GHz | 
mne Input VSWR f-10t030GHz | | 
Output VSWR f210t030GHz | | 
Output Power @ 1 dB Gain Compression, f = 1.0 GHz ЕССІЗ! 
50 Q Noise Figure f = 1.0 GHz | dB - 
| IP3 | Third Order Intercept Point f = 1.0 GHz | dBm | 
ЕСЕН 








Group Delay f= 1.0 GHz | 
V Device Voltage | М 
ау/ат Device Voltage Temperature Coefficient | отус | | | -79 | 


Notes: 1. Refer to the APPLICATIONS section “MODAMP™ Silicon MMIC Chip Use" for additional information. | 
2. The recommended operating current range for this device is 20 mA to 40 mA. Typical performance as a function of current is on the following page. 
3. RF performance of the chip is determined by packaging and testing 10 devices per wafer in a dual ground configuration. | 
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MSA-0800 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


| | A Absolute 
Parameter Maximum! 


Part Number Ordering Information 


Part Number Devices Per Tray 


Device Current 
. Power Dissipation23 


MSA-0800-GP2 
HF Input Power . 


MSA-0800-GP4 
MSA-0800-GP6 





Junction Temperature 
Storage Temperature | 





Notes: 

1. Permanent damage may occur if any of these limits are exceeded. 
2. TMOUNTING SURFACE = 25°C 

3. Derate at 14.3 mW/°C for TMOUNTING SURFACE > 148?C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. MOUNTING 
SURFACE TEMPERATURE 


. POWER GAIN vs. CURRENT f = 1.0 GHz, 14 = 36 mA 

















Note: 4. S-parameters are de-embedded from 70 mil package measured data using the package model found in the DEVICE MODELS section. 


m 
© 
s 
(5 
© 
0. 
о 
I 
CO 
к 
2 
Temperature, °С 
OUTPUT POWER Q 1 dB GAIN COMPRESSION | 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
4.5 | 
E 
° 2 
m u" 
© <= 
r 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters": Zo = 50 Q TA = 25°C, la = 36 mA 
GHz Mag Ang dB Mag _ Ang dB Mag Ang . Mag Ang k 
0.1 65 -17 826 42.50 163 -36.9 .014 39 64 -20 0.80 
02 „61 —31 31.7 38.59 148 —34.1 .020 47 .59 -39 0.68 
0.4 „50 2-54 29.6 30.22 126 -31.0 .028 52 .49 —68 0.63 
0.6 .43 —/0 27.5 | 23.64 113 —28.5 .038 52 .40 —90 0.69 
. 0.8 .38 —81 25.6 _ 19.05 103 —26.7 ..046 53 .35 —106 0.75 
|. 1.0 .34 —95 24.2 16.27 © 93 —25.4 .054 55 .30 —120 0.80 
1.5 | 31 --110 20.9 11.12 78 —23.6 .066 53 .23 —142 0.88 
_2.0 _ 32 |» =124 18.3 8.22 66 —22.6 .075 53 17 —158 0.98 
25 433 —129 16.3 6.52 61 —20.7 .092 57 .13 —162 1.00 
3.0 .34 —138 14.4 5.24 54 —20.3 .097 54 .07 —165 1.11 
3.5 .36 _ —146 12.8 4.36 45 | —19.0 .112 50 .07 —140 1.11 
4.0 .36 —155 11.3 3.68 37 —18.3 .122 49 10. —96 1.16 
25.0 35 | 177 8.7 2.73 23 —17.2 .138 43 .15 —75 1.28 
6.0 43 150 6.3 2.07 10 —16.6 .148 35 .15 —81 1.40 


HEWLETT ШЕ MSA-0835, -0836 

PACKARD MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 


Ú; 








Features 35 micro-X Package! 







e Usable Gain to 6.0 GHz | 4 GROUND 
° High Gain: 32.5 dB typical at 0.1 GHz AT 
23.0 dB typical at 1.0 GHz 293. DIA 
e Low Noise Figure: 3.0 dB typical at 1.0 GHz 
RF OUTPUT 


e Cost Effective Ceramic Microstrip Package RF INPUT AND BIAS 






Description 


The MSA-0835 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a cost 
effective, microstrip package. This MODAMP™ MMIC is de- 
signed for use as a general purpose 50€) gain block above 
0.5 GHz and can be used as a high gain transistor below this 
frequency. Typical applications include narrow and moder- 


GROUND 






Notes: 
(unless otherwise specified) 
1. Dimensions are 10. 


ate band IF and RF amplifiers in commercial and industrial + ыы 
applications. v Ta 2 go peer 
The MODAMP MSA-series is fabricated using a 10 GHz +, | | mm .xx = 2.13 

25 GHz fmax silicon bipolar MMIC process which utilizes ni- Yo E" 


tride self-alignment, ion implantation and gold metallization 

to achieve excellent uniformity, performance, and reliability. | | ш 
The use of an external bias resistor for temperature and cur- .022 .455 2.030 | 

rent stability also allows bias flexibility. ЭЭ ате | d 
Available in cut lead version (package 36) as MSA-0836. “15 + 05 


TYPICAL POWER GAIN уз. FREQUENCY 
ТА = 25°C, |4-96 mA 


_ о J ү 
—— 


Typical Biasing Configuration 







R bias 







==) Vcc2 10V 








RFC (Optional) 


Gp, dB 
T. 


C block | C block 


О 


UT 


01 03 0. 


Frequency, GHz 


Electrical Specifications2, TA = 25°C 


Symbol Parameters and Test Conditions: ld = 36 mA, Zo = 50 О 
GP Power Gain (|52112) f = 0.1 GHz 
f = 1.0 GHz 
| f = 4.0 GHz 


ЕТЕД ЕШТЕ f=1.0t030GHz | 
| OutputVSWR — — fe10to30GHz| ` —— 

ке Ж | dBm — 
ав _ 

| psec. | 

Vv 





ЕГІЛЕ 

MEN 

— s 
О? po 
BADOU 
p 
Го | бөрау O от WEM 


V | 
dV/dT Device Voltage Temperature Coefficient | mc | | |-70 — 


Notes: 1. Short leaded 36 package available upon request. 
2. The recommended operating current range for this device is 20 mA to 40 mA. Typical performance as a function of current is on the following page. 
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.. MSA-0835, -0836 MODAMP™ Cascadable Silicon Bipolar 
. Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


Absolute 


Device Current 80 mA 
Power Dissipation?? 750 mW 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 

















DEVICE CURRENT vs. VOLTAGE 






RF Input Power +13 dBm 
Junction Temperature 200°C 
Storage Temperature‘ —65°C to 200°C 





Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 


2. TCASE = 25°C 
3. Derate at 5.7 mW/°C for Tc > 69°С. 


4. Storage above +150°C may tarnish the leads of this ee 
making it difficult to solder into a circuit. 

5. The small spot size of this technique results in a higher, though 
more accurate determination of Ujc than do alternate methods. 
See MEASUREMENTS section “Thermal Resistance" for more 
information. 





OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


POWER GAIN vs. CURRENT f = 1.0 GHz, Ig = 36 тА 





| 24 | 
m x HOP олені ПЕСКЕ занае уния 
: EE k... ЕСЕ 
із LE ЧАЦ 
| Ч 
2 j Ol j и аз Е 
° _ —— I TT —1. 8$ 
ЕКИ — | š 
Е END Lm — un 
жы we 
а ЫН енені (ШІН ЖЕ 
° ЕНЕ БЕНЕН ШЕННЕН тен ей | 
u З | — 
у 1. | ft 
—55 -25 425 485 4125 





Temperature, °C 


OUTPUT POWER @ 1 dB GAIN COMPRESSION 


vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 


Я. id= 20 тА 


Id= 36 mA 


NF, dB 





4 
0.1 02 03 0.5 1.0 2.0 4.0 
Frequency, GHz 


Frequency, GHz 





Typical Scattering Parameters: o= 50 Q un ТА = 25°C, la = 36 тА 
2 Sn | S2. | |. S812 522 


А model for this device is available in the DEVICE MODELS section. 


Fr 

GHz Mag Ang dB Mag . Ang dB Mag Ang Mag Ang k 
0.1 .63 —17 32.5 42.02 161 —97.7 .013 55 .63 -19 0.72 
0.2 .58 -33 31.5 37.52. 2145 -33.7 021. 47 .56 —37 0.73 
0.4 .49 -56 29.1 28.50 | . 119 —29.7 .033 54 .42 —66 0.72 
0.6 .40 —70 26.7 21.54. 103 —27.9 .040 55 .32 —84 0.78 
0.8 35 -80 24.6 17.01 - 92 —26.0 .050 53 .24 —98 0.85 
1.0 .33 —89 229 1398 `“ 82 —24.9 .057 52 .18 —107. 0.89 
1.5 .30 —111 19.5 9.45 / 64 —22.1 .079 51 .09 -126 0.95 
2.0 30 -133 16.9 7.03 ` 48 —20.2 .098 44 .07 -141 0.99 
2.5 .32 —150 14.9 5.53 39 —19.2 .110 42 .06 —166 1.04 
3.0 .34 —170 13.2 4.56 26 -18.3 .122 36 .06 —106 1.06 
3.5 _.38 175 11.7 3.86 14 -17.5 .133 32 .08 —100 1.08 
4.0 .39 162 10.5 3.33 22 -16.7 146 | 27 .12 —101 1.08 
5.0 .41 132 7.9 2.47 | —21 —15.6 .165 19 .21 —113 1.10 
6.0 .52 95 5.8 1.94 —45 -14.6 .187 7 .20 —149 1.05 





mnm 


DU HEWLETT | MSA-0870 
PACKARD | MODAMP™ Cascadable Silicon Bipolar 
| | ú | Monolithic Microwave Integrated 
Circuit Amplifiers 





Features | 70 mil Package 
e Usable Gain to 6.0 GHz 040 
е High Gain: 32.5 dB typical at 0.1 GHz те 


23.5 dB typical at 1.0 GHz _  4[] GROUND 

е Low Noise Figure: 3.0 dB typical at 1.0 GHz | | 

e Hermetic Gold-ceramic Microstrip Package Dis 
| | | 508 

RF OUTPUT 


RF INPUT AND BIAS | 





Description B 

The MSA-0870 is a high performance silicon bipolar Mono- | | | 

lithic Microwave Integrated Circuit (MMIC) housed in a her- | Notes: Е 
metic, high reliability package. This MODAMP™ MMIC is de- (unless otherwise specified) 
signed for use as a general purpose 50 Q gain block above | 1. Dimensions аге mm 


2. Tolerances 


0.5 GHz and can be used as a high gain transistor below this 

frequency. Typical applications include narrow and moder- | mee sides pis 
ate band IF and RF amplifiers in industrial and military appli- | 

cations. | | 004 + .002 _ 070 


.10 + .05 
The MODAMP MSA-series is fabricated using a 10 GHz fr, 


25 GHz fmax silicon bipolar MMIC process which utilizes ni- tí | =ч 

tride self-alignment, ion implantation and gold metallization T | | ЖЕ | 
to achieve excellent uniformity, performance, and reliability. mE аа. | | 

The use of an external bias resistor for temperature and cur- 12.57 + 76 945 
rent stability also allows bias flexibility. | К 


TYPICAL POWER GAIN vs. FREQUENCY Typical Biasing Configuration 


ТА = 25°С, 14=36 mA 
В bias 


27 Vcc > 10V 















o RFC (Optional) 
е | 
C block C block 
AN o~ .OUT 
lattoD.c. | | 
š 0.1 03 0.5 1.0 3.0 6.0 
. Frequency, GHz | 
Electrical Specifications', TA = 25°С 
| Symbol | Parameters and Test Conditions: Іа = 36 mA, Zo = 50 © | Units | Mi. | тур | Max. — 
СР Power Gain (|S21 |? ) f = 0.1 GHz | 32.5 
f = 1.0 GHz 22.0 23.5 
f = 4.0 GHz 10.0 11.0 
usum [C mputvswa f=10t030GHz | | роо | 
Output VSWR f=1.0t030GHz | | — | 191 | —  — 
Output Power @ 1 dB Gain Compression f=10GHz | dim | — | 125 | — 
50 О Noise Figure | f-10GHz | dB | |) 30 | 2. 
Third Order Intercept Poin f=1.0GHz | dem | | zo |] _ 
0 | Group Delay 1-100% | psec | | 95 | — — 
Device Voltage | у [| | 78 | 84 | 
амат Device Voltage Temperature Coefficient | отус | | [|-790]| | 


1. The recommended operating current range for this device is 20 mA to 40 mA. Typical performance as a function of current is on the following page. 


2. 
е | 
e 
(D 
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MSA-0870 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


Absolute 


Device Current 80 mA 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


















Power Dissipation?? 750 mW DEVICE CURRENT vs. VOLTAGE 
RF Input Power +13 dBm 

Junction Temperature 200°С 

Storage Temperature —65?C to 200°C 


Thermal Resistance2*^: Өс = 150°C/W 


Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 


2. ТСАЅЕ = 25°C. 
3. Derate at 6.7 mW/°C for Tc > 88°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 
information. 


lg, mA 





OUTPUT POWER Q 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


f = 1.0 GHz, 14 = 36 mA 


POWER GAIN vs. CURRENT 


Gp, dB 
Gp, dB 


NF, dB 





Temperature, °C 


OUTPUT POWER Q 1 dB GAIN COMPRESSION 
vs. FREQUENCY 


NOISE FIGURE vs. FREQUENCY 





.5 
0.5 1.0 2.0 4.0 | . 0.3 
Frequency, GHz 





4 
0.1 0.2 





0.3 
Frequency, GHz 





Typical Scattering Parameters: Zo = 500 ТА = 25°С, la = 36 mA 





Fre —— — Sa ERO — S22 
MHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.1 .65 —19 32.5 42.04 161 -36.3 015 40 .64 —22 0.78 
0.2 .60 —35 31.5 37.54 145 —33.7 .021 47 .58 —43 0.66 
0.4 .48 —60 29.1 28.49 122 —30.5 .030 51 47 —74 0.64 
0.6 .40 —76 26.8 21.90 108 —28.0 .040 50 .38 —97 0.72 
0.8 .35 —88 24.9 17.48 97 —26.2 .049 50 .33 —113 0.78 
1.0 .32 —102 23.4 14.85 87 —24.9 .057 51 .28 —128 0.83 
1.5 .29 —118 . 20.1 10.14 70 —23.0 .071 47 .22 —151 0.91 
2.0 .30 -133 17.6 7.55 56 -21.9 081 45 .16 —167 0.98 
2.5 .31 —139 15.6 6.01 49 —20.0 .100 46 .12 —172 1.02 
3.0 .32 —149 13.8 4.87 39 —19.5 .106 41 .07 —170 1.11 
3.5 .34 —158 12.2 4.09 . 28 —18.4 .121 35 .07 -143 | 1.12 
4.0 34 -168 10.8 3.48 17 -17.7 131 31 12 —112 1.16 
5.0 .33 161 8.4 2.63 -3 —16.6 .147 21 .19 -103 1.26 
6.0 .39 128 6.2 2.04 —22 —16.2 .155 10 .21 —115 1.36 


A model for this device is available in the DEVICE MODELS section. 


O НЕМЕТТ -. mE |. MSA-0885 
4.8 PACKARD . ва, _ .— .MODAMP"" Cascadable Silicon Bipolar. - . 
IE | Monolithic Microwave Integrated | 27 
Circuit Amplifiers | 











Features u С | 85 Plastic Package 
ө Usable Gain to 6.0 ene D = 020 
e High Gain: 32.5 dB typical at 0.1 GHz. | | J GROUND Na 


_ 22.5 dB typical at 1.0 GHz ` 
° Low Noise Figure: 3.3 dB typical at 1.0 GHz 


e Low Cost Plastic Package RF OUTPUT. 


RF INPUT AND BIAS 


s 


PI Notes: Ж 
Description (unless otherwise specified) 
The MSA-0885 is a high performance silicon bipolar Mono- | 1. Dimensions are m. 
lithic Microwave Integrated Circuit (MMIC) housed in a !ow GROUND | | 2 2. Tolerances 
cost plastic package. This MODAMP™ MMIC is designed for | in .xxx = + .005 
use as a general purpose 50-0. gain block above 0.5 GHz | 085 Е Oe и 
апа can be used as a high gain transistor below this fre- reer 2.15 
quency. Typical applications include narrow and moderate 1.52 + 25 008 + 002 
band IF and RF amplifiers in commercial and industrial appli- | > -20 + 05 
cations. | | E 
The MODAMP MS^A-series is fabricated using a. 10 GHz fr, Y 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- | \ | Е) 
tride self-alignment, ion implantation and gold metallization МИНА :200:.030 
to achieve excellent uniformity, performance, and reliability. 026 ` 
The use of an external bias resistor for temperature and cur- | 
rent stability also allows bias flexibility. 

TYPICAL POWER GAIN vs. FREQUENCY Typical Biasing Configuration 
TA = 25°С, 14236 mA | 
3 г . R pias 


9 Мсс> 10V 







RFC (Optional) 


Gp, dB 





C block | | С block 









Е NE 
| | [| 
"еее LLL PL Г 

0.1 0.3 05 10 3.0 


Frequency, GHz 


b 
| 





Electrical Specifications', TA = 25°С 











| Symbol | _ Parameters and Test Conditions: ld = 36 тА, Zo = 50 О | | Units | Min 0 Typ. | Max | 
| | | | f = 1.0 GHz | 21.0 22.5 
Input VSWR _ = 0.110 3.0 @Н2 | | | 191 | | | 
_ | OuputVSWR "c r-01630GH | ^ | — | | 
[Pras | Output Power @ 1 dB Gain Compression —  1-10GHz | dim | | 125 | — 
[ NF | S0QNoiseFigue ^ ее [| dB | TT 33 | о 
[ IPs — | Third Order intercept Pont 2 — 1-10GHz | am | — [| 270 | 
[еб д а | we | — [| 95 | O 
ya | бесеке е ^  —  — — —|- V [|z [| 78 | 94 — 
туб | |0|  — 
Note: 1. The recommended operating current range for this device is 20 mA to 40 mA. Typical performance as a function of current is on the following page. 
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MSA-0885 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


Absolute 


Typical Performance, Ta = 25°C 
(unless otherwise noted) 


DEVICE CURRENT vs. VOLTAGE 
















Device Current. 65 mA 

Power Dissipation23 500 mW NO Ee) жна je 
Тс = +25°С wa 

RF Input Power +13 dBm 

Junction Temperature 150°С 






Storage Temperature —65?C to 150°C 


Thermal Resistance?^: Өјс = 130°C/W 


Notes: | 
1. Permanent damage may occur if any of these limits are exceeded. 


2. ТСАЗЕ = 25°С 
3. Derate at 7.7 mW/°C for Tc > 85°C. 


4. See MEASUREMENTS section “Thermal Resistance" for more 
information. 





OUTPUT POWER Q 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


f = 1.0 GHz, 14 = 36 mA ` 


- POWER GAIN vs. CURRENT 








5 — — zl 
4 ЕЕ Га 
9 О | кинап Шы 
= 
-25 0 425 455 485 
Temperature, °C 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
М 4.5 
WEN 40 
Б ë 
à wr 3.5 
© = 
а 





0.1 02 03 0.5 1.0 2.0 4.0 
Frequency, GHz 


Frequency, GHz 





Typical Scattering Parameters: Zo = 500 ТА = 25°С, la = 36 mA 


A model for this device is available т the DEVICE MODELS section. 
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S11 S21 $12 S22 
Freq. — ——M—— eo E 
GHz Mag Ang dB Mag . Ang dB Mag Ang Mag Ang k 
0.1 .64 —21 32.5 42.29 160 —36.5 015 40 .61 —24 0.78 
0.2 .58 -39 31.3 36.89 144 -32.8 023 50 .54 —45 0.67 
0.4. 44 —65 28.7 27.20 120 —29.4 .034 54 42 —77 0.69 
0.6 .36 —82 26.3 20.57 106 —27.2 .044 53 .33 —98 0.77 
0.8 .31 —95 24.3 16.31 96 —25.2 .055 53 .28 —115 . 0.83 
1.0 27 -105 22.5 13.36 87 —24.2 .061 51 .25 —129 0.87 
1.5 .24 —125 19.3 9.24 71 —21.4 .085 50 .18 —153 0.96 
2.0 .26 —147 16.7 6.82 56 —19.7 .103 47 .15 -173 0.98 
2.5 .29 —159 14.9 5.57 48 —18.4 .120 44 .12 180 1.00 
3.0 .34 —175 13.1 4.51 37 —17.7 .130 42 .09 165 1.03 
‚3.5 .38 172 11.6 3.80 25 —16.9 .144 37 .06 172 1.04 
4.0 .42 161 10.1 3.21 14 —16.3 .153 33 .04 —139 1.06 
5.0 .48 135 7.7 2.43 —7 —15.6 .167 24 .09 -90 1.09 
6.0 60 102 5.5 1.88 —29 —14.9 .179 17 .08 —140 1.06 





HEWLETT . MSA-0886 | 
PACKARD | _ MODAMP"M Cascadable Silicon Bipolar 
| О a = : Monolithic Microwave Integrated ` 
Circuit Amplifiers — 





С 










Features B 86 Plastic Package 

e Usable Gain to 5.5 GHz | Ж өз (0.020) — 

e High Gain: 32.5 dB typical at 0.1 GHz ! „вои | 
22.5 dB typical at 1.0 GHz | | 

e Low Noise Figure: 3.3 dB typical at 1.0 GHz RF INPUT AND DC BIAS 


e Surface Mount Plastic Package 


ә Tape-and-Reel Packaging Option Available’ T 2.43 (0.107) - 
1.96 (0.077) 


Ем 
22 | | | GROUND. КЕ 





Description | _ 2.16 (0.085) i 

The MSA-0886 is a high performance silicon bipolar Mono- 2.16 

lithic Microwave Integrated Circuit (MMIC) housed in a low | г (0.085) | 0.25 (0.010) 
cost, surface mount plastic package. This MODAMP™ 477 0070. 70.15 (0.006) 
MMIC is designed for use as a general purpose 50 Q gain 1.27 (0.050) d 
block above 0.5 GHz and can be used as a high gain transis- | т 
tor below this frequency. Typical applications include narrow 

and moderate band IF and RF amplifiers in commercial and = оо 

industrial applications. | 

The MODAMP MSA-series is fabricated using a 10 GHz fr, 22 DIMENSIONS ARE IN MILLIMETERS (INCHES) 


25 GHz fmax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 


Typical Biasing Configuration 


Я bias 











Q Усс 210 V 


ОР 111! 
| | CSN usm | 
s М 


НЕС (Optional) 


Gp, dB 


C block _ C plock 
— |- OUT 





| | eS 
| ба мачо ос. | ||| [|l 


0.1 0.3 05 1.0 3.0 6.0 
Frequency, GHz € 


Electrical Specifications’, TA = 25°C | 


| Symbol | Parameters and Test Conditions: ld = 36 mA, Zo = 50 2 


| Units - _ Max 
Power Gain (|S21|?) f = 0.1 GHz Ш 
| | | f 2 1.0 GHz 





Input VSWR  . f = 0.1 to 3.0 GHz 
VSWR | 
| Output VSWR | | f = 0.1 to 3.0 GHz 
P1 ав Output Power @ 1 dB Gain Compression f 2 1.0 GHz 





2. The recommended operating current range for this device is 20 mA to 40 mA. Typical gain performance as a function of current is on the following page. 
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Absolute Maximum Ratings 














Device Current 65 mA 
Power Dissipation? 500 mW 
RF Input Power +13 dBm 
Junction Temperature 150?C 


Storage Temperature 


—65°C to 150°C 


Absolute 


MSA-0886 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 















Notes: 


1. Permanent damage may occur if any of these limits are exceeded. 


2. TCASE = 25°C 
3. Derate at 7.1 mW/°C for Tc > 80°C. 


4. See MEASUREMENTS section “Thermal Resistance” for more 


information. 


DEVICE CURRENT vs. VOLTAGE 








Part Number Ordering Information 


| 1000 Т 
4000 19^ — — 


For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 





Part Number 


MSA-0886-TH1 
MSA-0886-TR2 








Typical Performance, Ta = 25°C 
(unless otherwise noted) 


OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


f = 1.0 GHz, lg = 36 mA 








23 | | | 
КҮН LL | у У 
r | j j| | af 
É ЕЕ ha 12 © 
E ЕТ s T] à 
ME ІШЕ MM MUN d 
4 СЕМЕ 
s L П Е ен 
z L ШЕН БЕН 1 | 1 
-25 0 425 455 | +85 | 
Temperature, °С 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY 
25 9.1 0.2 0.3 05 1.0 2.0 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 Q ТА = 25°С, la = 36 mA 
m 911 521 512 522 | 
Freq. 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.1 .63 —22 32.5 42.12 160 —36.7 015 54 .62 —24 0.68 
0.2 .56 —41 31.3 36.68 143 -33.9 020 50 .55 —46 0.64 
0.4 .43 —69 28.6 26.94 119 —29.1 .035 52 43 —79 0.69 
0.6 35 —88 26.4 20.89 104 —27.0 .045 49 .34 —103 0.77 
0.8. .30 —104 24.2 16.21 93 —25.3 .054 50 .29 —124 0.83 
1.0 .27 —116 22.4 13.20 83 —24.2 .062 49 .26 —139 0.87 
1.5 .27 —144 19.2 9.15 65 —21.6 .083 46 .23 —172 0.93 
2.0 :31 —166 16.7 6.84 49 —19.5 .105 41 .22 163 0.96 
2.5 .35 178 14.8 5.50 38 —17.9 .128 36 .21 149 0.96 
3.0 40 162 12.9 4.41 25. —17.4 .135 30 .20 132 1.01 
3.5 .45 149 11.4 3.72 13 —16.8 .145 25 .19 124 1.02 
4.0 .51 137 9.9 3.14 1 —16.1 .157 19 .18 121 1.01 
5.0 .61 116 7.3 2.31 —22 —15.7 .164 10 A7 |. 130 1.00 
6.0 .68 100 4.6 1.69 —42 —15.2 I .23 143 0.95 


A model for this device is available in the DEVICE MODELS section. 
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| Ú) PACKARD ` y | _ MODAMPTM Cascadable Silicon Bipolar | 


Monolithic Microwave Integrated 
Circuit Amplifiers 





Features | — Chip Outline! 








e Broadband, Minimum Ripple Cascadable 50 © (3) most Contact) — _ (2) Ground 
Gain Block | 





e 8.0 + 0.2 dB Typical Gain Flatness from (4) Bondpad 
0.1 to 4.0 GHz | — 

e 3 dB Bandwidth: 0.1 to 6.0 GHz 

e Low VSWR: < 1.5:1 from 0.1 to 4.0 GHz 

e 11.5 dBm Typical P445 at 1.0 GHz 










2 


Ш 


Description 
The MSA is a high performance silicon bipolar Monolithic 
Microwave Integrated Circuit (MMIC) chip. This MODAMP™ _V 
MMIC is designed for very wide bandwidth industrial and 450 um 
military applications that require. flat gain and low VSWR. 17.7 mil С 
(5) Output* 
The MODAMP MSA-series is fabricated using а 10 GHz fr, Unless otherwise specified, tolerances are +13 ит/+0.5 mils. 
25 GHz fmax, silicon bipolar MMIC process which utilizes Chip thickness is 114 шт/4.5 mil Bond Pads are 


nitride self-alignment, ion implantation and gold metallization е eh ane 6 mil Ie 5 an int "m 

to achieve excellent. uniformity, performance and reliability. peccet о 
| backside of the die. 

The use of an external bias resistor for temperature and т Ж 

current stability also allows bias flexibility. 


Typical Power Gain vs. Frequency 
TA = 25°С, lg = 35 mA 


The recommended assembly procedure is gold-eutectic die 
attach at 400?C and either wedge or ball bonding using 0.7 mil 
gold wie. | . | . 


This chip is intended to be used with an external blocking 
capacitor completing the shunt feedback path (closed loop). 
Data sheet characterization is given for a 45 pF capacitor. Low 
frequency performance can be extended by using a larger 


valued capacitor’. | | 02.05 0.1 03 05 1.0 


Electrical Specifications?, TA = 25°С B Frequency, GHz 
Unless otherwise noted, performance is for a MSA-0900 used with an external 45 pF capacitor. See bonding diagram. 








| Symbol | Parameters and Test Conditions?: l4 = 35 mA, Zo = 500 Units | Min. | Typ. | Мах. | 
[Ge | Ромег бам (312) ен ë |18) [во | — 
|AGp / . Gain Flatness4 | f = 0.1 to 4.0 GHz | dB] 2 +0.2 NEN 
(Зе | SdBBandwidts Ci GH [во | 
input VSWR ~ towoaocaz | | [a| _ 

Output VSWR f = 0.1 to 4.0 GHz | Jisai — 
Output Power @ 1 dB Gain Compression f 1.0 GHz ли” 

f = 4.0 GHz | 
_50 О Noise Figure f = 1.0 GHz 9| в 
| f 24.0 GHz | 

ГР 0 Third Order Intercept Point f = 1.0 GHz | авт | =| 230 | | 
to | Group Delay f= 1.0 GHz psec | |6001 — 
[№ — | Device Voltage 7 | тв | 86. 
mvc] — J-10] — 


| 


л сою; 


. See Application Note, АМ-5009: MODAMPTM Silicon MMIC Chip Use for additional information. 

The recommended operating current range for this device is 25 to 45 mA. Typical performance as a function of current is on the following page. 

. RF performance of the chip is determined by packaging and testing 10 devices per wafer. 

. The value is the expected achievable performance for the MSA-0900 used with an extemal 45 pF capacitor mounted in a 100 mil stripline package. 
. Referenced from 0.1 GHz gain (Gp). | 
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MSA-0900 MODAMPTM Cascadable Silicon Bipolar 
Monolithic Microwave — Circuit — 





Absolute Maximum Ratings | | Part Number Ordering Information 


Absolute — Part Number Devices Per Tray 












Device Current 222 80mA © MSA-0900-GP2 
Power Dissipation? 3 | |... 750 mW MSA-0900-GP4 - 
RF Input Power | | +13 dBm MSA-0900-GP6 Up to 300 


Junction Temperature m 200°C | 
Storage Temperature | _ -65 to 200°C 





Permanent РЧА тау occur if any of these limits are exceeded. 
TMOUNTING SURFACE = 25°С. 

Derate at 14 mW/°C for TMOUNTING SURFACE > 148°С. 

The small spot size of the technique used results т a higher, 
though more accurate, determination of Ө. than do alternate 
methods. 


о№- 


Typical Performance, ТА = 25°С 


(Unless otherwise noted) 


Note: Unless otherwise noted, performance is for a MSA-0900 used 
with an external 45 pF capacitor mounted in a 100 mil stripline package. 
See bonding diagram. 


Output Power Q 1 dB Gain Compression 
Noise Figure and Power Gain vs. Case 


Power Gain vs. Current Temperature f = 1.0 GHz, l4 = 35 тА 


| Gp, dB 





Temperature, °С _ 


Output Power @ 1 dB Gain Compression 
. and Noise Figure vs. Frequency 





Š p 
_ E 
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i ü 
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des Š 
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|" | ББ = 

01 0203 05 10 20 40 


Frequency, GHz 
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MSA-0900 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 





Typical Biasing Configuration Bonding Diagram 


Capacitor 


Rbias (Required) (45 pF typ) 


О Усс > 12V Ground 










Output 
Trace 


(backside 
contact) 


RFC (Optional) 
Сыоск 


Сгоипа 





Input Trace 


Numbers refer to pin contacts listed on the Chip Outline. 





Typical Scattering Рагатеїегѕ5,6: Zo = 500 ТА = 25 °С, la = 35 mA 





NE Lee S21 __*® а. 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 

0.02 .32 -107 10.8 3.48 191 -13.9 .203 17 .32 -106 0.83 

0.05 .22 -143 8.6 2.70 164 -13.6 .209 6 22 -142 1.09 
0.1 521 -144 8.2 2,57 171 -13.3 19 3 a -142 1.16 
0.2 .10 -160 8.1 2.54 172 -13.5 211 1 1 -158 1.19 
0.4 AU -171 8.1 2.54 175 -13.4 215 2 ‚10 -166 1.18 
0.6 .09 -170 8.1 2.99 166 -13.3 .216 1 .10 -166 1.18 
0.8 .08 -171 8.2 Zr 162 -13.3 .216 1 “Ж -166 RIF 
1.0 .08 -170 8.3 2.59 158 -13.1 .220 1 Ev -167 1.15 
1.5 .07 -166 8.6 2.68 147 -13.1 .221 1 .14 -172 1.12 
2.0 .07 -138 8.9 2.80 136 -12.6 .234 1 25 -172 1.07 
5.9 .08 -131 9.3 2.92 126 -12.6 .236 1 .18 179 1.04 
3.0 .12 -119 9.6 3.01 112 -12.0 .250 1 .21 171 0.99 
3.5 ae -125 9.6 3.02 95 -11.8 .256 -1 .22 157 0.97 
4.0 .22 -132 9.1 2.86 78 -11.5 .265 -3 .19 144 0.96 
4.5 27 -140 8.4 2.64 63 -11.5 .265 -5 .16 138 0.97 
5.0 ‚32 -149 7.5 2.36 50 -11.4 .268 -6 42 138 1.00 
9.9 „34 -154 6.4 2.09 38 -11.3 .272 -6 .10 162 1.02 
6.0 .36 -158 5.3 1.84 29 -11.3 .272 -6 .10 -166 1.07 
6.5 .38 -158 4.2 1.62 22 -11.4 a | -6 .16 -151 Lie 
7.0 .39 -157 3.2 1.45 15 -11.5 .267 -6 .23 -147 1.17 


тізе SL ART ESTE ЕА ВИА EE арс а BLE SEITE SHVY CT 7S Ret ET TEE ES ET ES BOLLE TES SS I BD РАМАГА eol pes "MOOD Qna Е n Cr SERIE IEEE: ШЫЛ АИ ORTA RECS IA ID Cds eO AA IL NTE EEE ADIL DEDEDE TIES ERE LEA Ы ТРЕ лыста STUNT UE 


Notes: 5.S-parameters are de-embedded from 100 mil BeO package measured data using the package model found in the DEVICE MODELS section. 
6. S-parameter data assumes an external 45 pF capacitor. Low frequency performance can be exended using a larger valued capacitor. 
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PACKARD 22 MODAMP"" Cascadable Silicon Bipolar 
| | | | "E ^" A Monolithic Microwave Integrated | 
Circuit Amplifiers 


Ú) HEWLETT _ MSA-0910 | 





Features a Е | | 100 mil Package 
е Broadband, Minimum Ripple Cascadable 50 © 


Gain Block | 007 —— -- 


e 8.0:0.2 dB typical Gain Flatness from | 4[ | GROUND 
. 0.1 to 4.0 GHz 


3 dB Bandwidth: 0.1 to 6.0 GHz 





ө 
° Low VSWR: < 1.5:1 from 0.1 to 4.0 GHz- RF RF OUTPUT 
e 11.5 dBm typical P: ав at 1.0 GHz 
e Hermetic Gold-ceramic Microstrip Package | 

020 
Description = oe 
The MSA-0910 is a high performance silicon bipolar Monolithic | (unless otherwise specified) 
Microwave Integrated Circuit (MMIC) housed in a hermetic, | |. 1. Dimensions are 7+ 
high reliability package. This MODAMP™ MMIC is designed | 2. Tolerances 
for very wide bandwidth industrial and military applications that not с 
require flat gain and low VSWR 004:.002 ^40! E 
The MODAMP MSA-series is fabricated using a 10 GHz +, ә 2.54 x 


25 GHz fmax Silicon bipolar MMIC process which utilizes nitride 1 
self-alignment, ion implantation and gold metallization to | | 
achieve excellent uniformity, performance, and reliability. The li TOE бар dus | 


use of an external bias resistor for temperature and current sta- 1257. 76 76 


bility also allows bias flexibility. 


Outline 10A 
TYPICAL POWER GAIN vs. FREQUENCY Е JU . Я 
Брена нед Typical Biasing Configuration 
| Н bias 


OQ Усс>12У 







НЕС (Optional) 


Gp, dB 


C block | | С block 





Frequency, GHz 


Electrical Specifications’ , Ta = 25°C 








| Symbol - | Uns | Mi. | тур. | Max _ 
| dB | 70 | во | 90 — 
Абр ЕЕ | dB | | 402 | +5 ` 
fB | GHz | | 60 | 
Input VSWR f2-01t0040GHz| | | 131 | | | 
Output VSWR f-01t040GHz| | | 151 | o 
Output Power @ 1 dB Gain Compression Е жү PI O 
ME 6.5 
| f 2 4.0 GHz | 
| Рз | Third Order Intercept Point f = 1.0 GHz | dBm | | 230 | | 
"o [ сору  —  f-t10GHz | pe | | 10 | —— 
x va | бете е У | 70 | 78 | 86 — 
--амат | bekeVotgeTememueCofoem тб] [во  -— 


Notes: 1. The recommended operating current range for this device is 25 mA to 45 mA. Typical performance as a function of current is on the following page. 
2. Referenced from 0.1 GHz Gain (Gp). | 
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MSA-0910 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


Absolute Maximum Ratings 


m 




















Device Current 80 mA DEVICE CURRENT vs. VOLTAGE 
Power Dissipation?? 750 mW 

RF Input Power +13 dBm T= +125°C — — 

Junction Temperature 200°С Edom 

Storage Temperature —65°С to 200°C c^ 


=-55°С — — — — 


Tc 


lg, mA 


Thermal Resistance? ^: Өјс = 145°C/W 


Notes: 

1. Permanent damage may occur if any of these limits are exceeded. 

2. [CASE » 25?C 

3. Derate at 6.9 mW/°C for Tc > 91°C. 

4. The small spot size of this technique results in a higher, though 
more accurate, determination of Bic than do alternate methods. 


See MEASUREMENTS section “Thermal Resistance” for more 
information. 





OUTPUT POWER @ 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


POWER GAIN vs. CURRENT f = 1.0 GHz, Ід = 35 mA 






s 7 
б. 
o 6 7 

5 __ — © 

2 
4 
10 20 30 40 50 
lg, mA 


OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY 


— | 








Е __ E: [ү 
Т м š 
à N қ 
i Е 
` 0.1 02 0.3 0.5 1.0 2.0 4.0 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 Q TA = 25°C, la = 35 mA 
Freq. — S  . . Sn -Ә2 002062 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.02 31 —108 10.6 3.38 150 —13.8 202 16 31 —107 0.85 
0.05 18 —114 8.8 2.75 160 —13.5 212 8 .20 —117 1.06 
0.1 .12 —141 8.1 2.53 166 —13.4 .214 3 .14 . -139 1.16 
0.2 .10 —166 7.9 2.47 . 167 —13.4 .215 1 13 —157 1.19 
0.4 .10 170 7.8 2.46 163 —13.3 .215 —1 12 —165 1.20 
0.6 .10 156 7.8 2.45 157 —13.3 .216 —3 13 —167 1.20 
0.8 ло 145 7.8 2.46 151 —13.3 .216 —4 13 —168 1.19 
1.0 .10 133 7.8 2.46 144 —13.3 .217 -6 .14 —169 1.19 
1.5 .10 111 7.9 2.49 127 —13.2 .220 —10 .16 —173 1.17 
2.0 .09 88 8.0 2.51 110 —13.0 .224 —13 .18 177 1.15 
2.5 .07 89 8.2 2.58 96 —12.8 .230 —16 .21 167 1.11 
3.0 .04 90 8.2 2.58 78 —12.8 .230 —21 20. 151 1.11 
3.5 „06 145 8.2 2.57 59 —12.7 .233 —27 .19 137 1.11 
4.0 .12 152 8.0 2.50 40 —12.7 .230 -33 .16 125 1.12 
4.5 .19 142 7.5 2.38 22 —13.0 223 —40 .13 116 1.16 
5.0 .26 131 6.9 2.21 4 —13.5 .211 —47 .09 118 1.22 
5.5 .32 120 6.2 2.04 —12 —14.1 .198 —52 07 160 1.28 
6.0 .38 109 5.3 1.84 —27 —14.8 .181 —56 .13 —173 1.38 
6.5 .43 99 4.4 1.65 —42 —15.6 .167 —59 .21 —172 1.46 


A model for this de 


vice is available in the DEVICE MODELS section. 


PACKARD | MODAMP™ Cascadable Silicon Bipolar | 
IE | Monolithic Microwave Integrated | 
Circuit Amplifiers 


ФО HEWLETT MSA-0986 


y ` 





Features | | | 86 Plastic Package 
° Broadband, Minimum Ripple Cascadable 50 0 | 
Gain Block ` | | | | 0.51 (0.020) —= ~ " 









e 7.2 + 0.5 dB typical Gain Flatness fro 
0.1 to 3.0 GHz | 


2 зав Bandwidth: 0.1 to 5.5 GHz 
е 10.5 dBm typical Р ав at 2.0 GHz 
e Surface Mount Plastic Package 


RF OUTPUT 
AND DC BIAS 


2.43 (0.107) 






1.96 (0.077) 

e Tape-and-Reel Packaging Option Available’ GROUND | — — 
Description | 2.16 (0.085) | 

The MSA-0986 is.a high performance silicon bipolar Mono- MI OM | 
lithic Microwave Integrated Circuit (MMIC) housed in a low | | 0.28 (0.010) 
cost surface mount plastic package. This MODAMP"" MMIC СЕС 1 m. ' 1 ) 
is designed for very wide bandwidth industrial and commer- Е m. КЕ 

cial applications that require flat gain and low VSWR. | | | E: 
The MODAMP MSA-series is fabricated using a 10 GHz + ед 

25 GHz fmax Silicon bipolar MMIC process which utilizes ni- | 

tride self-alighment, ion implantation and gold metallization DIMENSIONS ARE IN MILLIMETERS INCHES) 


to achieve excellent uniformity, performance and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 


Typical Biasing Configuration 
TYPICAL POWER GAIN vs. FREQUENCY, Ta = 25°C 
| | | T 


| [| LLL | Illl 
| =>.‘ 


R bias 





О Усс 212 V 





















RFC (Optional) 


C block | C block 


lg = 35-45 MA emm 


a i 
poo 
.05 0.1 0.3 0.5 1.0 

Frequency, GHz 


Electrical Specifications, ТА = 25°С 





| Symbo | Parameters and Test Conditions: la=35mA,Zo=500 | Units | Mim | Typ | Max 
| AGp |  GainFlatness | = 0.110 3.0 СН; | dB | | +05 | |. 
^ Ga | 3dBBanwdm ——— — — o 1 1 [| Gaz | | 55 | 
Input VSWR f = 0.1 to 3.0 GHz | Joa 

| Output VSWR | f = 0.1 to 3.0 GHz рава | Y 
| Prag | Output Power @ 1 dB Gain Compression | — f-20GHz | dem | | 105 |  . — 
NF | soQNoseFgue 2 f-20Gz | dB | | 62 | 
| № |. Third OrderinterceptPoint t= 2.0GHz | dem | | 26 | 
— | беш Delay - e LUE CÓme 1 7 ШИГЕ КИШИСИ: 
НЕВИННАЯ SK ЗИ 
Device Voltage Temperature Coefficient оту | | -160 | | | 


Notes: 1. Refer to PACKAGING section "Tape-and-Reel Packaging for Semiconductor Devices." | 
2. The recommended operating current range for this device is 25 mA to 45 mA. Typical gain performance as a function of current is on the following page. 
3. Referenced from 0.1 GHz Gain (Gp). | 
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МЗА-0986 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute 
Maximum! 


65 mA 


Absolute Maximum Ratings 


Device Current 


Part Number Ordering Information 
























eee 
Power Dissipation 500 mW MSA-0986-TR1 

RF Input Power +13 dBm MSA-0986-TR2 

Junction Temperature 150°С = | 
Storage Temperature —65°С to +150°С For more information, see "Tape and Reel Packaging . 


for Semiconductor Devices", page 14-14. 
Thermal Resistance?4: Өс = 140°C/W | 


Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 


2. TCASE = 25°С Typical Performance, Ta = 25°C 
3. Derate at 7.1 mW/°C for Tc > 80°C. (unless otherwise noted) 


4. See MEASUREMENTS section "Thermal Resistance" for more 


information. | | | 
OUTPUT POWER Q 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 





DEVICE CURRENT vs. VOLTAGE E f z 2.0 GHz, ld z 35 mA 
s | ЩЕ 
pil D ————— À— тың — MÀ 
© 4 0 ee Bees MINIME | | 
а. |] Pu 
eee Saar. С ү 8 m 
| | I3 
——c°s— 
7 = 
ы эу с ee 
Ы в nnn ПОЕ ЕСЕН 
: [т == S 
—25 0 +25 +55 i +85 
Уч, V Temperature, °C 
OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 


lg =35 MA = 
lq =25 mA — = —— 














Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 500 ТА = 25°С, lg = 35 mA 
S11 S21 | S12 S22 
Freq. ———— IDEE — 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.02 .36 —105 11.4 3.72 145 —14.1 .198 18 _ „38 —102 0.73 
0.05 .24 -145 8.5 2.65 156 -13.7 .205 5 .25 -143 1.08 
0.1 | .22 —164 7.7 2.43 166 -13.5 .211 4 22 —158 | 1.17 
0.2 .21 -179 7.5 2.37 167 -13.5 .212 1 .22 —172 1.20 
0.4 .21 165 7.4 2.34 162 -13.4 .214 -1 ‚22 179 1.20 
0.6 „22 155 7.4 2.33 156 —13.5 212 —2 .22 175 1.21 
0.8 .22 145 7.3 2.33 149 -13.4 213 —2 .23 171 1.21 
1.0 .23 136 7.3 2.32 142 -13.4 .214 — .24 167 1.20 
1.5 .24 118 7.2 2.30 125 -13.3 .217 —6 .26 157 1.19 
2.0 .25 106 7.2 2.28 109 -13.0 .224 -10 | .28 148 1.16 
2.5 .26 100 7.2 2.29 — 94 -13.0 .224 —12 .33 139 1.15 
3.0 .26 94 7.1 2.26 77 -13.0 .224 —15 .34 128 1:15 
3.5 .26 95 7.0 2.23 60 —12.8 .229 -21 | 36. ‚ 116 1.14 
4.0 .28 96 6.7 2.17 43 —13.1 .221 —25 ,35 104 1.18 
4.5 .31 100 6.5 2.10 26 -13.6 210 —31 32 94 _ 1.23 
5.0 .37 101 6.0 2.00 9 —14.2 .196 -35 .26 86 1.30 
5:5 .44 97 5.4 1.86 -7 -14.9 .181 -38 2.19 88 1.38 
6.0 .51 94 4.6 1.69 —22 —15.8 .162 —37 .14 107 1.47 


А model for this device is available т the DEVICE MODELS section. 


MSA-1000 

MODAMPTM Cascadable Silicon Bipolar 
Monolithic Microwave Integrated. 
Circuit Amplifiers 





о, PACKAR D 





Features | 


e High Output Power: +27 dBm typical Рав at 
1.0 GHz 

e Low Distortion: 37 dBm typical ПР. at 1.0 GHz 

e 8.5 dB typical Gain at 1.0 GHz 

e Impedance Matched to 25 © for Push-Pull 
Configurations 


Description 


The MSA-1000 is a high performance, medium power silicon 
bipolar Monolithic Microwave Integrated Circuit 
(MMIC) chip. This MODAMP™ MMIC is designed for use in a 
push-pull configuration in a 25 © system. The MSA-1000 can 
also be used as a single-ended amplifier in a 50 Q system with 
slightly reduced performance. Typical applications include 
narrow and broadband RF amplifiers in industrial and military 
systems. 


The MODAMP MSA-series is fabricated using a 10 GHz fr, 
25 GHz fmax, Silicon bipolar MMIC process which utilizes 
nitride self-alignment, ion implantation and gold 
metallization to achieve excellent uniformity, performance 
and reliability. The use of an external bias resistor for tem- 
perature and current stability also allows bias flexibility. 


The recommended assembly procedure is gold-eutectic die 
attach at 400°C and either wedge or ball bonding using 0.7 mil 
gold wire. 


This chip is intended to be used with an external blocking 
capacitor completing the shunt feedback path (closed loop). 
Data sheet characterization is given for a 80 pF capacitor. Low 
frequency performance can be extended by using a larger 
valued capacitor!. 


Electrical Specifications?, TA = 25°С 


Chip Outline! 


335 um 
13.2 mil 





[шо 
19.5 mil 


Unless otherwise specified, tolerances are +13 шт/+0.5 mils. 
Chip thickness is 114 рт/4.5 mil Bond Pads аге 
41 um/1.6 mil typical on each side. 
*Output contact is normally made by die attaching the 
backside of the die. 


Typical Gain vs. Power Out 
Zo = 25°С, lg = 325 mA 


" wasa кен шен шен шен нед l 





Gain, dB 


0 
16 18 20 22 24 26 28 30 32 
Power Out, dBm 


Unless otherwise noted, performance is for a MSA-1000 used with an external 80 pF capacitor. See bonding diagram. 





Power Gain (15212) 


Gain Flatness 


NF 25 o 
aviar тус. 


Parameters and Test Conditions?: ly = 325 mA, 20 = 25 o 


Pi ав _ Оири Power 91.08 Gain Compression t= 4.0GHz [dim | _ 
B| 
а 


— НИЧ СТ ТТИ ШИШЕ 
 OuptVSWa — — — ooo | —— 
it Se Peet ss ВИ 
B 
| рзес_ 






f= 1.0 GHz 


f = 0.1 to 2.0 GHz 


с» N 
N © 
© = 


Е 
N 
o 


Notes: 1. See Application Note, АМ-5009: MODAMP™ Silicon MMIC Chip Use for additional information. 
2. The recommended operating current range for this device is 150 to 400 mA. Typical performance as a function of current is on the following page. 


3. RF performance of the chip is determined by packaging and testing 10 devices per wafer. 


4. Referenced from 0.01 GHz gain (Gp). 


MSA-1000 МООАМРТМ Cascadable Silicon Bipolar 


Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


Device Current 425 mA 






















Power Dissipation2: 3 7.0 W 
RF Input Power +25 dBm 
Junction Temperature 200°C 
Storage Temperature 


-65 to 200°C 


Notes: ы | | 

1. Permanent damage may occur if any of these limits are exceeded. 

2. TMOUNTING SURFACE = 25°С. mE 

3. Derate at 100 mW/°C for TMOUNTING SURFACE ? 130?C. | 

4. The small spot size of the technique used results in a higher, 
though more accurate, determination of 0;- than do alternate 
methods. 


Typical Performance, T4 = 25°С 


(Unless otherwise noted) 


Note: Unless otherwise noted, performance is for a MSA-1000 used 
with an external 80 pF capacitor. See bonding diagram. 


Output Power @ 1 dB Gain Compression, 
Third Order Intercept Point vs. Current 
Zo = 25 Q, f = 1.0 GHz 





Gain vs. Frequency | 


la = 325 mA 


Gain, dB 









.1 02 03 0.5 


Part Number Ordering Information 





Devices Per Tray 


10 
100 
Up to 300 













MSA-1000-GP2 
MSA-1000-GP4 
MSA-1000-GP6 





Output Power @ 1 dB Gain Compression К 
- vs. Temperature Zo = 25 О, la = 325 mA 





-5 ^ 425 +100 
Case Temperature, °С 


10 20 3. 
Frequency, GHz 
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MSA-1000 MODAMPTM Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 





Typical Push-Pull Biasing Configuration Bonding Diagram 
с es Capacitor 
9 Vec 2 20 V 
T RFC Ww Input Trace 80 pF typ 





Сыоск 





Output 
Trace 


нк 
и, 
SOS ER ES Уқ 


(backside 
contact) 


Ground 


Numbers refer to pin contacts listed on the Chip Outline. 

















окна А 
Typical Scattering Parameters5.6: (50 О System) ТА = 25°C, lg = 325 mA 
Freq. 511 S21 S12 _ S2 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
.001 41 -121 15.5 5.95 149 -17.7 .130 22 A3 -99 .68 
.005 52 -167 8.7 2.73 156 -15.7 .164 6 48 -161 1.02 
010 54 -174 7.7 2.41 166 -15.6 .166 3 46 -171 1.12 
.050 54 -179 73 2.31 174 -15.7 .165 1 46 -178 1.17 
.100 55 179 7.2 2.30 173 -15.7 .165 -1 46 -179 1.17 
.200 55 178 7.2 2.30 168 -15.7 .165 -1 A7 177 1.16 
.400 54 176 7.2 2.29 157 -15.7 165 -3 48 176 1.16 
.600 52 174 7.2 2.30 146 -15.8 163 -4 48 174 1.16 
.800 51 174 7.2 2.29 134 -15.8 161 -5 48 173 1.15 
1.000 50 172 7.2 2.29 121 -15.9 .160 -5 49 172 1.12 
1.200 48 173 7.2 2.28 108 -16.0 .158 -6 49 172 1.10 
1.400 47 175 71 2.26 96 -16.2 155 -7 50 174 1.05 
1.600 46 178 6.8 2.20 83 -16.3 153 -7 51 175 1.00 
1.800 46 179 6.4 2.09 62 -16.5 150 -8 53 176 94 
2.000 48 -177 6.0 1.99 56 -16.6 148 -10 .65 -179 .68 
2.500 .56 -170 4.4 1.65 35 -17.0 141 -1 54 178 91 
3.000 61 -171 2.7 1.36 12 -16.7 147 1 ‚69 -176 52 


Notes: 5. S-parameters are de-embedded from 100 mil BeO package measured data using the package model found in the DEVICE MODELS section. 
6. S-parameter data assumes an external 80 pF capacitor. Low frequency performance can be exended using a larger valued capacitor. 
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Ф, HEWLETT | | | MSA-1023 
PACKARD |  MODAMP"" Cascadable Silicon Bipolar 
| Monolithic Microwave Integrated 
Circuit Amplifiers 








Features ` | 230 mil BeO Flange Package 
e High Output Power: o Z. 

+27 dBm typical Р ав at 1.0 GHz | 19395 
° Low Distortion: 


37 dBm typical IP3at 1.0 GHz. | "E. о GROUND 


e 8.5 dB typical Gain at 1.0 GHz .800|RF - 050 
e Hermetic, Metal/Beryllia Stripline Package 562 "IO p" ~ AND BIAS : | 
e Impedance Matched to 25 © 3 14.27 AIME JU s т 

for Push-Pull Configuration | NS 

m 120 GROUND 
Description | | _ 3.05 pap арчих 
The MSA-1023 is a high performance, medium power silicon Ca LN 3305 — ` Notes: | 
bipolar Monolithic Microwave Integrated Circuit (MMIC) | 2 (unless otherwise specified) 
housed in a hermetic, BeO flange package for good thermal mE ` А 1. Dimensions are 11 
characteristics. This MODAMP™ MMIC is designed for use 230,| 2.Tolerances | | 


in .xxx = +.005 
mm .хх = +.13 


in a push-pull configuration in a 25 О system. The MSA-1023 
can also be used as a single-ended amplifier in a 50 О sys- 
tem with slightly reduced performance. Typical applications .060 


include narrow and broadband RF amplifiers in industrial Ws к 1.52 
and military systems. | NN == кетсек Y 


The MODAMP MSA-series is fabricated using a 10 GHz fr, 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 





The use of an external bias resistor for temperature and cur- ., Typical Push-Pull Biasing Configuration - 
rent stability also allows bias flexibility. Rbias 

TYPICAL GAIN vs. POWER OUT | Р = шы 7 Vec 220 V 

Zo = 25 Q, Ta = 25°C, ld z325 mA 54 НЕС 


Сыоск 





m ° 
s x Vd —15V 
£ Y 
© 
© 3 | 
Cblock | Е LIE 
$ RFC D 
0 L 
16 18 20 22 24 26 28 30 32 | 
кА. А, 2 Үсс>20У 
Power Out, dBm Rbias 


Electrical Specifications’, Ta = 25°C 





Typ 
27.0 


P1 dB . Output Power @ 1 dB Gain heure - 1.0 GHz Bm 25. 0 


- 
on 


| Ge _ | Power Gain (|S21/2)_ f = 1.0 GHz Tas 
Gain Flatness f = 0.1 to 2.0 EE 
[вв |  3dB Bandwidth: 






Input VSWR 
SAU VSWR 


"а-ы — — inge нн 
Гю | Group Delay O — пб | bsec. - 1 
Ма _ | Device Voltage 000202020221 


Device Voltage Temperature Coefficient m 


Notes: 1. The recommended operating current range for this device is 150 mA to 400 mA. Typical performance as a function of current is on the following page. 
2. Referenced from 10 MHz Gain (Gp). 


70 - 


f = 0.1 to 2.0 GHz 
f = 0.1 to 2.0 GHz 












ы > N 
ч 
© | 


О | 
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MSA-1023 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


Absolute Maximum Ratings 


Absolute 


. Device Current 425 mA 
Power Dissipation?? | 7.0W 
RF Input Power +25 dBm 
Junction Temperature 
Storage Temperature 


DEVICE CURRENT vs. VOLTAGE 


200*C 
—65*C to 200°С 





Notes: | 

1. Permanent damage may occur if any of these limits are exceeded. 

2. TCASE = 25°С E 

3. Derate at 66.7 mW/°C for Tc > 95°C. 

4. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 


See MEASUREMENTS section *Thermal Resistance" for more 
information. 





OUTPUT POWER Q 1 dB GAIN COMPRESSION 
vs. TEMPERATURE 


Zo = 25 Q, lg = 325 mA 


OUTPUT POWER Q 1 dB GAIN COMPRESSION 
THIRD ORDER INTERCEPT POINT vs. CURRENT 


Zo = 25 Q, f = 1.0 GHz 






































A model for this device is available in the DEVICE MODELS section. 
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= 
© 
е Е 
m 
2 
E d. 
m | 
à 
d 
Id, mA | "M Temperature, ^C 
GAIN vs. FREQUENCY da p ДЫ ыны 
Ld 
5 | 
, | MN 
E Input Zo 500 — | 
р Z 
ldz 325 mA w | x Input Zo = 25 Q — | 
viec oM 1 ee ee 
‚| = ота || | | |. 
0.1 0.2 0.3 0.5 1.0 2.0 4.0 0.1 0.2 0.3 0.5 1.0 20 3.0 
Frequency, GHz Frequency, GHz | | 
Typical Scattering Parameters: (50 Q System) | x ТА = 25°C, la = 325 mA 
S1 | S21 | S12 = S>2 = 
Freq. : а 5 2 
MHz Mag Ang dB Mag Ang = dB Mag Ang Mag Ang К 
1 .40 -121 . 15.3 5.85 149 —17.9 1298 22 42 —99 0.69 
5 .51 —167 8.5 2.67 156 —15.9 .160 6 | 45 —161 1.05 
10 .52 —174 7.5 2.36 166 —15.8 .162 3 .45 | -171 1.16 
25 .52 —178 ` 7.2 2.28 172 -15.8 162 1 _ .45 —177 _ 1.20 
50 .52 1/9. 7.1 2.26 173 -15.8 .161 -1 45 -179 1.21 
100 .53 176 7.0 2.25 170 —15.8 161 -3 .45 179 1.21 
200 . 53 172 7.0 2.25 163 —15.8 .161 —5 | .46 174 1.21 
400 .91 164 7.0 2.24 146 -15.8 .161 —11 .46 . 170 1.22 
600 .48 157 7.0. 2.24 130 -16.0 .159 -16 | 45 ‚ 165 1.23 
800 45. 151 7.0 2.23 113 -16.1 .157 -21 | 44 161 _ 1.24 
. 1000 .42 146 7.0 2.23 95 —16.2 .155 —26 .44 | 157 1.24 
_ 1200 .38 144 6.9 2.22 78 —16.4 .151 —31 44 — 155 1.24 
1400 .35 145 6.8 2.20 61 -16.7 146 — -36 .45 154 1.24 
1600 ‚34 149 6.6 2.15 44 —17.0 .141 —41 .46 153 | 1.22 
1800 .36 152 6.3 2.07 19 —17.3 .136 —45 49 150 1.18 
2000 39 153 5.9 1.97 11 -17.7 130 -49 62 |. 148. 1.13 
2500 .51 148 4.6 1.69 —24 -18.3 .121 2-52 52 140 0.91 
3000 60 133 3.0 1.41 —57 —17.9 .127 -57 .70 128 0.59 


7 HEWLETT | PLE un MSA-1100 
LA PACKARD ETT | MODAMPTM Cascadable Silicon Bipolar 
— “ое ME SES Monolithic Microwave Integrated 
Circuit Amplifiers 





Features | Chip Outline! 


e High Dynamic Range Cascadable 50 Qor- (3) Output 
75 Q Gain Block (4) Optional 

e 3 dB Bandwidth: 50 MHz to 1.6 GHz Ps 

e 17.5 dBm Typical Р, ав at 0.5 GHz 

e 12 dB Typical 50 © Gain at 0.5 GHz 

e 3.5 dB Typical Noise Figure at 0.5 GHz 





(2) Ground 








Description | (1) Input 


The MSA-1100 is a high performance silicon bipolar Monolithic 
Microwave Integrated Circuit (MMIC) chip. This MODAMP™ | — e 
MMIC is designed for high dynamic range in either 50 or 75 Q | т. __ BondPad 





systems by combining low noise figure with high IP}. Typical i D 5” 


applications include narrow and broadband linear amplifiers in 
industrial and military applications. 


The MODAMP MSA-series is fabricated using a 10 GHz fy, теа о каш а БЫ екз - 
29 GHz fmax, silicon bipolar MMIC process which utilizes ы УР фун pH typical in baie dic 
nitride self-alignment, ion implantation and gold metallization “Output contact is normally made by die attaching t the 

to achieve excellent uniformity, performance and reliability. backside of the die. 

The use of an external bias resistor for temperature and 


current stability also allows bias flexibility. 


The recommended assembly procedure is gold-eutectic die Typical Power Gain vs. Frequency 
attach at 400°C and either wedge or ball — using 0.7 mil ТА = 25° C, № = 60 тА 
gold wire. 2 | 


RO 
- d 


capacitor completing the shunt feedback path (closed loop). 
Data sheet characterization is given for a 200 pF capacitor. 


eh ah ah 


| Gp, dB 
ооо ом о о 





| | | 02 05 1 3 5 10 20 3.0 
Electrical Specifications2, TA = 25°C | Frequency, GHz 
Unless otherwise noted, performance is for a MSA-1100 used with an external 200 pF capacitor. See bonding diagram. ni 
Parameters and Test Conditions?: l, = 60 mA, Zo = 500 


Power Gain (1523 |2) f z 0.1 GHz 


Input VSWR | f= = 0.1 to 1.0 GHz 
— 
Р. вв 





< 
© 





ЁЁ 


— 
~y 
= 


` 
е 
. е е 
зо 


ЫЫ; 





[ТЕТЕ 
q 
go 


UT Device Voltage Temperature Coefficient т\/С 
Notes: 1. See Application Note, AN-S009: MODAMPTM Silicon MMIC Chip Use for additional information. 


2. The recommended operating current range for this device is 40 to 75 mA. Typical performance as a function of current is on the following page. 
3. RF performance of the chip is determined by packaging and testing 10 devices per wafer. 
4. Referenced from 0.05 GHz gain (Gp). | 
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MSA-1100 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings Part Number Ordering Information 


Part Number ` | Devices Per Tray 


MSA-1100-GP2 10 





_ Absolute Maximum! 






































| Device Current — ‚ 100mA | 
Power Dissipation?. 3 650mW _ MSA-1100-GP4 100 
RF Input Power - 413dBm ` MSA-1100-GP6 Up to 300 
Junction Temperature 5. 200€ ` | 
Storage Temperature | -” -65 іо 200°C 





Thermal Resistance?.4: 0j? = 57°C/W 
Notes: 
Permanent damage may occur if any of these limits are exceeded. 
TMOUNTING SURFACE = 29°C. 
Derate at 17.5 mW/°C for Тмоимтмс SURFACE > 163°C. 
The small spot size of the technique used results in a higher, 
_ though more accurate, determination of Ө than do alternate 
_ methods. - x | 


mu № 


Typical Performance, T4 = 25°С 
(Unless otherwise noted) | 


Note: Unless otherwise noted, performance is for a MSA-1100 used 
with an external 200 pF capacitor. See bonding diagram. 


Output Power @ 1 dB Gain Compression 
Noise Figure and Power Gain vs. Case 
Temperature f = 0.5 GHz, ly = 60 mA 


Power Gain vs. Current 





NF, dB 


-55 -25 425 +85 +125 
| Temperature, °С 





Output Power @ 1 dB Gain Compression 
and Noise Figure vs. Frequency 





0.1 0.2 0.3 0.5 1.0 2 
Frequency, GHz 
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MSA-1100 MODAMPTM Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 





Typical Biasing Configuration Bonding Diagram 


Rbias (Required) 
























О Vec 28V Input Trace Ground 
Crbk шр 
Д RFC (Optional) 
4 — x Capacitor 
Criock Criock — — 200 pF typ 
3 : 
IN о— 9— Š фе? o OUT meg Ground 
2 ae 
^ Numbers refer to pin contacts listed on the Chip Outline. 
Typical Scattering Parameters5.6 TA = 25°С, lg = 60 mA 
Freq. 11 S21 S12 S22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
.001 72 -26 19.3 9.23 168 -23.4 .067 46 .72 -27 .52 
.005 .19 -73 14.1 5.09 165 -16.7 .147 11 .19 -77 .96 
.010 .16 -69 13.9 4.97 168 -16.6 .148 9 .16 -79 .99 
.050 .04 -59 12.8 4.39 175 -16.0 .159 3 .04 -102 1.06 
.100 ‚05 -66 12.8 4.38 175 -16.0 .158 2 .05 -100 1.06 
.200 .07 -78 12.8 4.36 170 -15.9 .161 4 .08 -100 1.05 
.400 .14 -92 12.7 4.31 162 -15.6 .165 7 .14 -105 1.01 
.600 .19 -102 12.5 4.22 153 -15.3 ЖЕЛ 10 .21 -111 .96 
.800 25 -110 12.3 4.11 144 -14.9 .180 13 Т -116 .90 
1.000 ,31 -117 12.0 4.00 137 -14.4 .190 14 33 -122 ‚83 
1.500 40 -132 10.9 3.52 TT -13.4 .214 15 .42 -136 .70 
2.000 47 -145 9.6 3.01 100 -12.6 ‚235 14 46 -148 ‚64 
2.500 ‚50 -150 8.3 2.60 89 -12.0 ‚251 16 45 -152 ‚63 
3.000 е -158 7.0 2.23 77 -11.6 263 Т .42 -156 .66 
3.500 91 -164 Q7 1.92 68 -11.1 .278 19 .38 -155 13 
4.000 .50 -169 4.6 1.70 61 -10.5 .297 22 .34 -152 .79 


Notes: 5.S-parameters are de-embedded from 200 mil BeO package measured data using the package model found in the DEVICE MODELS section. 
6. S-parameter data assumes an external 200 pF capacitor. Low frequency performance can be exended using a larger valued capacitor. 
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HEWLETT 
PACKARD 





MSA-1104 BE 
MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated | | 
Circuit Amplifiers 





Features 


e High Dynamic Range Cascadable 


50 О or 75 О Gain Block 
e 3dB Bandwidth: 50 MHz to 1.3 GHz 
° 17.5 dBm typical Р: ав at 0.5 GHz 
e 12dB typical 50 © Gain at 0.5 GHz 
e 3.6 dB typical Noise Figure at 0.5 GHz 
е Low Cost Plastic Package 


Description 


The MSA-1104 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a low 
cost plastic package. This MODAMP™ MMIC is designed for 
high dynamic range in either 50 or 75Q systems by combin- 
ing low noise figure with high IPs. Typical applications in- 
clude narrow and broad band linear amplifiers in commercial 
and industrial applications. | ME 


The MODAMP MSA-series is fabricated using a 10 GHz fr, 
25 СНУ fmax Silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 


TYPICAL POWER GAIN vs. FREQUENCY 
T A= 25°С, 14 260 mA 








Gp, dB 






Output VSWR 


| Pide | Output Power @ 1 dB Gain Compression f=0.5 GHz - 
| NF | 50 Q Noise Figure | | 7-05 GHz 


Third Order Intercept Point — 


Device Voltage | | 
Device Voltage Temperature Coefficient 





Notes: 1. The recommended operating current range for this device is 40 mA to 70 mA. Typica 


2. Referenced from 50 MHz Gain (Gp). 


f = 0.5 GHz 


b Group Delay | | f = 0.5 GHz 
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f = 0.1 to 1.0 GHz 
f= 0.1 to 1.0 GHz 


04A Plastic Package 


488 +.030 
12.39 + .76 






. RF OUTPUT 
8 & BIAS 


Notes: 
(unless otherwise specified) 


| ғ . in 
1. Dimensions are mm 
2. Tolerances 


GROUND in .xxx = +.005 
mm .xx = +.13 
.008 +.002 | Кк .020 
.20 *.05 .51 


+A =! 


Typical Biasing Configuration 


R bias 


Ј Усс 28V 


RFC (Optional) 





C block 
OUT 
Vqz5.5V 


=Й «мей. «шә. 
ONN 
TON 










psec. 





ale Б 
do NIN {о [р 
e oi 1-1 l« 


| performance as a function of current is on the following page. 


MSA-1104 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 








Absolute Maximum Ratings EN | Typical Performance, Ta = 25°C, Zo = 500 


| |o "We (unless otherwise noted) 
= 









DEVICE CURRENT vs. VOLTAGE 






Device Current 80 mA 
Power Dissipation?3 550 mW 
RF Input Power +13 dBm 
Junction Temperature 150°C 
Storage Temperature —65?C to 150°C 


lg, mA 


Thermal Resistance?.4: Өс = 115°C/W | 


Notes: 

1. Permanent damage may occur if any of these limits are exceeded. 
2. [CASE = 25°C. 

3. Derate at 8.7 mW/°C for Tc > 87°C. 


4. See MEASUREMENTS section "Thermal Resistance" for more 
information. | 





OUTPUT POWER @ 1 dB GAIN COMPRESSIO 


| M 
NOISE FIGURE AND POWER GAIN ve. CASE TEMPERATURE 
f = 0.5 GHz, (а = 60 тА 






Е 
te 
ч 
@ 
ч 
а 

ce 

© 

a. 

Оо 
a 
© 
це 
ғ 

OUTPUT POWER @ 1 dB GAIN COMPRESSION 
| ув. FREQUENCY 

Š 

@ 

9 

a. 


Typical Scattering Parameters: Zo = 50 Q 











S11 S21 
Freq. 
MHz Mag Ang dB Mag Ang 
0.5 .76 —22 _ 19.3 9.19 167 | —24.4 .060 54 77 —22 0.48 
5.0 .20 —79 13.7 4.83 164 —16.5 .149 12 21 -83 0.96 
25.0 .05 —78 12.8 4.35 174 —16.2 .154 222 06 —101 1.07 
50.0 .04 —75 12.7 4.31 174 —16.4 .151 2 05 —136 1.09 
100.0 .04 —81 12.6 4.29 171 —16.4 .152 2 .05 —137 1.09 
200.0 .04 -93 12.6 4.24 164 —16.3 .153 3 .07 —135 1.09 
300.0 .06 —105 12.4 4.18 156 —16.2 .155 4 10 —136 1.08 
400.0 .07 —115 12.3 4.11 148 —16.0 .158 5 12 —139 1.07 
500.0 .09 —124 |». 12.1 4.01 141 —15.8 .162 6 15 —144 1.06 
600.0 .11 —132 11.8 3.91 134 —15.6 .166 7 17 —150 1.06 
700.0 .13 —140 11.6 3.80 126 | —15.4 .170 7 19 —156 1.05 
800.0 .15 —147 | 11.3 3.68 120 —15.2 .174 7 22 —161 1.04 
900.0 .16 —154 11.0 3.56 113 —14.9 .180 7 24 —168 1.03 
1000.0 .18 —161 10.7 3.43 106 —14.7 .184 6 26 -173 1.03 
1500.0 .28 171 9.1 2.85 77 —13.5 ‚211 2 35 163 0.99 
2000.0 37 149 7.6 2.39 502 —13.0 .224 —5 43 140 0.99 
2500.0 .45 133 6.1 2.02 33 —12.7 .231 —10 .47 125 1.02 
3000.0 „52 118 4.6 1.69 14 —12.6 „234 —16 „50 112 1.05 
А model for this device is available in the DEVICE MODELS section. 


HEWLETT MSA-1105 | | | 

PACKARD _ MODAMP"" Cascadable Silicon Bipolar 

i | IZ | Monolithic Microwave Integrated 
Circuit Amplifiers 





ú 





Features ` 05 Plastic Package | 











° High Dynamic Range Cascadable | ,[ ] влоимо 
50 О or 75 О Gain Block — 
ы | | 0.030 —— DIA 
e ЗАВ Bandwidth: 50 MHz to 1.3 GHz 089 | же 
e 17.5 dBm typical Р: ав at 0.5 GHz | | нғінрит AND DC BIAS 
e 3.6 dB typical Noise Figure at 0.5 GHz | 1 x | 
e Surface Mount Plastic Package | aren NN 
e Tape-and-Reel Packaging Option Available’ 0602 GROUND , 
Description |, 9.135 + 0.015 _ 
— [s о 

The МЅА-1 105 is a high performance silicon bipolar Mono- | — 74076 
lithic Microwave Integrated Circuit (MMIC) housed in a low dnas 
cost, surface mount plastic package. This MODAMP'" 2.020 76g "| 0.050 
ММС is designed for high dynamic range in either 50 or 75 | | | per 
ohm systems by combining low noise figure with high IPs. _ 4 
Typical applications include narrow and broad band linear 0.008 + 0.002 | 0.100 + 0.010 

9” : : . . dum 0.20 + 0.05 = 
amplifiers in commercial and industrial applications. | N 1 | 2.54 + 0.25 
The MODAMP MSA-series is fabricated using a 10 GHz fr, 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- | | 0.0005 + 0.010 
tride self-alignment, ion implantation and gold metallization 0.013 + 0.25 


to achieve excellent uniformity, performance.and reliability. 
The use of an external bias resistor for temperature and cur- 


rent stability also allows bias flexibility. Typical Biasing Configuration 


TYPICAL POWER GAIN vs. FREQUENCY 
ТА = 25°C, lq = 60 mA В Баз 





Усс 28V 










ВРС (Optional) 


Gp, dB 


C plock C block 


\Ма=5.5 V 


Frequency, GHz IEEE 


Electrical Specifications", TA = 25°C 





| Symbol | Parameters and Test Conditions: ld = 60 mA, 20-500 | Units | Min | Typ. | Max | 
Gp f = 0.05 GHz dB | 12.7 ME 

f = 0.5 GHz dB 10.0 12.0 

| | f = 1.0 GHz dB | 10.5 
Gain Flatness | f=0.1to10GHz | dB | | so | | 
" за | 3dBBandwith® рр «— 
рек Арим МА o fe0itoi0GHz [ра 
' OuptVSWR O O — feOftotOGHz. | J — J| | 
| Р1в | Output Power @ 1 dB Gain Compression |  !-050: | Өт | | 175 | | 
50 Q Noise Figure овен | a | | 36 | 
| |P3 | Third Order Intercept Point f=05GHz | dBm | | 30 | ||. 
| tip | Group Delay f-05GHz | psc | | 20 | 
“уа | Device Voltage Л v [| 44 | 55 | 66 | 
| аут | Device Voltage Temperature Coefficient | mc TB 


Notes: 1. Refer to PACKAGING section "Tape-and-Reel Packaging for Semiconductor Devices." 
2. The recommended operating current range for this device is 40 mA to 70 mA. Typical gain performance as a function of current is on the following page. 
3. Referenced from 50 GHz Gain (Gp). 
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MSA-1105 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute 
Maximum! 


Absolute Maximum Ratings 


Device Current 


Part Number Ordering Information 


Part Number | Devices Per Reel 




















80 mA 
Power Dissipation2.3 S I MSA-1105-TR1 500 ”> ` | 
RF Input Power ем | MSA-1105-TR2 1500 43 
Junction Temperature 150°C 


For more information, see "Tape and Reel Packaging | 
for Semiconductor Devices", page 14-14. 





Storage Temperature —65°C to 150°С 





Thermal Resistance?4: Өс = 125°C/W 


Notes: | | 
1. Permanent damage may occur if any of these limits are exceeded. 
2. TCASE = 25°C 

3. Derate at 8 mW/°C for Tc > 124°C. 


4. See MEASUREMENTS section "Thermal Resistance" for more 
information. 


Typical Performance, T4 = 25°С, Zo = 500 


(unless otherwise noted) ге 


OUTPUT POWER Q 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


f = 0.5 GHz, la = 60 mA 


DEVICE CURRENT vs. VOLTAGE 





100 Е 
© 
80 S 
d 
« 60 
E 
© 
— 40 
20 | o 
ц” 
2 
0 
Temperature, °C 
OUTPUT POWER @ 1 dB GAIN COMPRESSION | | 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
£ 
a 
ч 
e 
© 
а 





0.1 02 0.3 0.5 10 2.0 


Frequency, GHz Frequency, GHz 














Typical Scattering Parameters: Zo = 50 Q Ta = 25°C, la = 60 mA 
к $11 S S12 S22 
MHz Mag Ang dB Mag Ang dB Mag Апа Mag Ang k 
0.5 80-17 19.0 894 171 -26.0 050 51 81 -16 053 
5.0 26 -62 13.9 498 163 -16.8 .144 15 26 -64 0.93 
25.0 07 48 12.8 4.06 174 -16.4 151 4 08 -52 1.08 
50.0 06 -38 12.7 4.33 174 -16.3 153 2 06 -48 1.08 
100.0 05 -41 12.7 4.31 170 —16.4 152 3 246 -52 1.09 
200.0 06 —58 12.6 4.26 162 -16.2 155 5 08 -73 1.08 
300.0 07 -74 12.4 4.19 154 -16.1 157 7 10  -91 1.07 
400.0 09 91 12.2 410 146 -15.8 163 8 12  -105 1.06 
500.0 10 — -105 12.0 4.00 138 -15.6 166 8 14  -116 1.05 
600.0 11 —116 11.8 3488 131 -15.4 171 10 47 -126 1.04 
700.0 13 -128 _ 11.5 3.76 123 -15.0 478 110 18 -135 1.03 
800.0 15 -136 11.2 3.68 116 -14.7 184 11 21 -144 1.01 
900.0 16-145 10.9 3.49 109 -155 188 11 |. 22 151 1.01 
1000.0 48 152 . 10.5 3.37 102 —14.1 197 11 | 24 -159 1.00 
1500.0 28 174 8.8 2.75 72 -13.2 219 7 81 170 1.00 
2000.0 _.38 150 7.1 2.28 48 -12.1 248 0 ‚ 34 151 0.99 
2500.0 46 133 5.6 1.90 28 -11.9 254 -4 38 134 1.02 
3000.0 53 118 4.2 1.62 11 -11.6 262 -8 .40 122 104 
EN 202 -8 4 122 104. 


А model for this device is available іп the DEVICE MODELS section. 
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PACKARD MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers ü 





Ф, 








Features = (0 i 100 mil Package 


e High Dynamic Range Cascadable шы 


50 О or 75 О Gain Block 19 | 
e 3dB Bandwidth: 50 MHz to 1.6 GHz |. 4[-] GROUND 


е 17.5 dBm typical Р: ав at 0.5 GHz 

e 12 dB typical 50 © Gain at 0.5 GHz 

е 3.5 dB typical Noise Figure at 0.5 GHz 

е Hermetic Gold-ceramic Microstrip Package 


RF RF OUTPUT 
AND BIAS 





| m .020 
Description S08 
The MSA-1110 is a high performance silicon bipolar Mono- Notes: | 


lithic Microwave Integrated Circuit (MMIC) housed in a her- (unless otherwise specified) 





metic high reliability package. This MODAMP™ MMIC is de- | 1. Dimensions are то 
signed for high dynamic range in either 50 or 75 52 systems | 2. Tolerances 

by combining low noise figure with high IPs. Typical applica- LI 
tions include narrow and broad band linear amplifiers in in- .004+.002 400 | 

dustrial and military applications. 10 + .05 254 | 

The MODAMP MSA-series is fabricated using a 10 GHz fr, ЕА 


25 GHz fmax Silicon bipolar MMIC process which utilizes ni- 1 | 
tride self-alignment, ion implantation and gold metallization | 495 + .030 .030 
to achieve excellent uniformity, performance, and reliability. 12.57 + .76 76 
The use of an external bias resistor for temperature and cur- 


rent stability also allows bias flexibility. Outline 10A 
TYPICAL POWER GAIN vs. FREQUENCY Typical Biasing Configuration 
TA = 25°С, Ig = 60 mA 
16 R pias 


2 Усс>8У 













70-50 Q 


ПОРТЕР. 






eo 
bé 9 ВЕС (Optional) 
a 8 | 
о . 
6 C block C block 
4 IN o~ Но OUT 
2 
0 


Frequency, GHz 


Electrical Specifications’, Ta = 25°C 


.. Parameters and Test Conditions: 14 = 60 mA, 20 = 50 © | Units | Mi. | Тур | 
GP Power Gain (|S21|?) | f20.1 GHz | dB - 


Group Dela | f = 0.5 GHz | 
dV/dT | Device Voltage Temperature Coefficient mvV/°C aa 


Notes: 1. The recommended operating current range for this device is 40 mA to 75 mA. Typical performance as a function of current is on the following page. | 
2. Referenced from 50 MHz Gain (Gp). 


| Max. _ 

| 125 | 135 | 

AGP Gain Flatness | _ f = 0.1 to 1.0 GHz | dB | | ю7 | 410 | 
зв | S3dBBanwdhe GH] | 
жне Input VSWR f=01to10GHz} | | 474 | 
Output VSWR | f=0.1to10GHz| | | [| 191 | J 

| Pid& |  OutputPowerQ 1 dB Gain Compression — — f-05GHz | өт | 160 | 175 | |, 
50 Q Noise Figure | | f = 0.5 GHz | db | | 
Pg | Third Order Intercept Point | | f 2 0.5 GHz | dBm | | | 30.0 I 
tp MEME NER 
Ма 
| VT Load 


сл | — 4%) 


8-185 





MSA-1110 MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings m Typical Performance, Ta = 25?C, Zo = 50 Q 


Absolute (unless otherwise noted) 


Device Current 90 mA 








DEVICE CURRENT vs. VOLTAGE 
















Power Dissipation?? 560 mW 
RF Input Power +13 dBm 
Junction Temperature 200°C Тс = +25°С «mmm 
Storage Temperature —65?C to 200°C Іс--55С ------. 


Thermal Невізіапсе24: Өјс = 135*C/W- 


Notes: 

1. Permanent damage may occur if any of these limits are exceeded. 
2. [CASE = 25°С 

3. Derate at 7.4 mW/°C for Tc > 124°C. 


4. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section "Thermal Resistance" for more 























information. ` OUTPUT POWER Q 1 dB GAIN COMPRESSION 
- NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 
POWER GAIN vs. CURRENT 2, f = 0.5 GHz, 14= 60 тА 
o 
5 
ч 
T 
© 
б. 
© 
14, тА Temperature, °С 
OUTPUT POWER @ 1 dB GAIN COMPRESSION | 
vs. FREQUENCY NOISE FIGURE vs. FREQUENCY 
E 
а 
à 
d 
0.1 02 03 0.5 1.0 2.0 0.1 02 03 0.5 1.0 20 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 О | _ ТА= 25°С, la = 60 mA 
S 11 S21 | S 12 | | 622 
Freq. ———— ——P | | | 
MHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.5 83 —f 19.5 9.44 176 —31.9 .025 39 .84 —/ 0.77 
5.0 54 —50 16.8 6.92 158 —18.7 .116 34 55 —50 0.60 — 
25.0 15 —78 13.0 4.47 167 | —16.6 .148 9 15 —79 1.03 
50.0 .10 —64 12.6 4.26 171 | —16.5 .149 5 10 —67 1.08 
100.0 .08 —63 12.5 4.23 171 —16.5 .150 4 08 —66 1.09 
200.0 .09 —74 12.4 4.17 166 —16.4 .152 4 09 —78 1.09 
300.0 .11 —85 12.3 4.10 160 —16.2 154 | 5 12 —89 1.07 
400.0 .13 —94 12.3 4.10 154 —16.1 .157 6 15 —98 1.05 
500.0 .16 —102 12.1 4.04 148 —15.9 .161 7 18 —106 1.02 
600.0 .18 —108 12.0 3.98 143 —15.6 .165 8 20 —113 1.00. 
700.0 .21 —114 11.8 3.89 137 —15.4 .169 8 23 —120 0.97 
800.0 .23 —120 11.6 3.80 131 —15.2 173° 8 25 —126 0.95 © 
900.0 | 25 —126 11.4 3.71 126 —15.0 .178 8 28 —132 0.92 
1000.0 .27 —131 11.1 3.60 120 -14.8 ` .182 8 30 —137 0.91 . 
1500.0 .36 —153 9.8 3.10 96 —13.8 .203 4 37 —160 0.83 
2000.0 Е .42 —171 8.4 2.64 74 —13.3 .217 1 .40 —178 0.82 
2500.0 .47 177 7.2 2.29 59 —12.5 .236 —2 .41 172 0.80 
3000.0 47 159 5.9 1.97 43 —13.2 .220 —10 .38 157 0.95 


U HEWLETT |... MSA-1120 

Ж PACKARD MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated 
Circuit Amplifiers 





Features | 200 тїї ВеО РасКаде 
e High Dynamic Range Cascadable 
50 О or 75 О Gain Block В " L| В 
е 3dB Bandwidth: 50 MHz to 1.6 GHz 2021-02 - 








e 17.5 dBm typical Р: as at 0.5 GHz 45^ 


e 12 dB typical 50 О Gain at 0.5 GHz 


e 3.5 dB typical Noise Figure at 0.5 GHz | RF INPUT RF OUTPUT 






| . z ai ! AND BIAS 
e Hermetic Metal/Beryllia Microstrip Package and Mess | 
Ne WI. S |2 атата т 
The МЅА-1120 is а high performance silicon bipolar Мопо- _,|,060 |._ 2 Tolerances mm 
lithic Microwave Integrated Circuit (MMIC) housed in a her- 1.52 in .xxx = +.005 
metic BeO disk package for good thermal characteristics. mm .хх = +.13 
This MODAMP™ MMIC is designed for high dynamic range .048+.010 
in either 50 ог 75 О systems by combining low noise figure 1.211 25 _ .128 004+ 002 
with high IPs. Typical applications include narrow and broad | N 3.25 ы 710: .05 
band linear amplifiers in industrial and military applications. = = 
The MODAMP MSA-series is fabricated using a 10 GHZ fr, T 205 mE Ж 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- — 521 "57 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 
TYPICAL POWER GAIN vs. FREQUENCY Typical Biasing Configuration 
ТА = 25°C, 14 260 тА | 
16 В pias 
14 О Vcc 28V 
12 
ГЕТЕ | 
"CTT и Е REC (Optional 
о 


C block C block 


— OUT 





0. 
.02 .05 0.1 0.3 0.5 1.0 20 3.0 


^. Frequency, GHz — 


Electrical Specifications!, TA = 25°C 


Symbol | Parameters and Test Gonditions:la z өт 2-0 | umns | м | me | мы | 
[ Ge | Power Gain (Sa) — — t-01GHz | dB | 115 | 125 | 135 — 
AGP Gain Flatness f201t010GHz| dB | | ю7 | +10 _ 
за | ЗавВапма — — — | GM | | 16 | «— 
ae Input VSWR | f201t015GHz| | | | 171 | |. 
Output VSWR f201t015GHz| | | 191 | | o o 

Output Power @ 1 dB Gain Compression f = 0.5 GHz | "dim | 160 | 175 | | 
50 Q Noise Figure f-05GHz | dB | | 35 | 45 ` 
| PPS Third Order Intercept Point f 20.5 GHz | dBm | | 300 | | 
Го | Group Delay овен | psec. | — | 29 | — — 
| va | Device Voltage р V | 45 | 55 | 65 &— 
mwe | ___ | — | 


Notes: 1. The recommended operating current range for this device is 40 mA to 75 mA. Typical performance as a function of current is on the following page. 
2. Referenced from 50 MHz gain (Gp). 
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MSA-1120 MODAMP™ Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Typical Performance, Ta = 25°C, Zo = 50 Q 


(unless otherwise noted) 


Absolute Maximum Ratings 


Absolute 





















Device Current 100 mA DEVICE CURRENT vs. VOLTAGE 
Power Dissipation?? 650 mW 

RF Input Power +13 dBm 

Junction Temperature 200°C 

Storage Temperature —65?C to 200°C 





Notes: 









1. Permanent damage may occur if any of these limits are exceeded. 


2. TCASE = 25°C 


3. Derate at 16.7 mW/°C for Tc > 161°C. 


4. The small spot size of this technique results in a higher, though 
. more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section “Thermal Resistance" for more 


information. 


POWER GAIN vs. CURRENT 





OUTPUT POWER @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY 





lg, mA 





OUTPUT POWER Q 1 dB GAIN COMPRESSION 
NOISE FIGURE AND POWER GAIN vs. CASE TEMPERATURE 


f = 0.5 GHz, lg = 60 mA 


NF, dB 


Temperature, °C 


NOISE FIGURE vs. FREQUENCY 











0.1 02 0 0.5 10 20 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 О __ TA = 25°С, la = 60 mA 
$11 $21 $12 S2 2 
Freq. A на 

MHz Mag Ang dB Mag ` Ang dB Mag Ang Mag Ang k 
0.5 .78 -21 19.6 9.53 168 —25.1 .057 50 19 -21 0.51 
5.0 .19 —72 13.8 4.91 165 —16.8 .144 11 _ .19 —72 0:98 
25.0 |... 05 —56 12.9 4.44 174 -16.5 .149 3 06 —75 1.08 
50.0 .04 —52 12.5 4.23 174 —16.1 .156 2 04 —79 1.08 
100.0 .04 —56 12.5 4.22 172 -16.2 155 1 .04 —78 1.09 
200.0 .05 —72 12.4 4.19 165 —16.1 .157 1 .06 —91 1.08 
300.0 .07 —84 12.4 4.15 158 —16.0 159 2 .09 -101 1.07 
400.0 .09 -96 12.3 4.10 | 151 -15.9 161 2 .11 -109 1.06 
500.0 .10 —105 12.1. 4.04 144 —15.8 .163 3 .13 —117 1.05 
600.0 .12 —113 12.0 | 3.98 137 —15.6 .166 3 16 —124 1.04 
700.0 .14 —120 .11.8 3.89 131 —15.4 .169 2 18 —130 1.03 
800.0 ТӘ —127 11.6 3.80 124 —15.2 .173 2 20 -136 1.01 
900.0 .17 —134 11.4 3.71 118 —15.0 .178 1 22 -142 1.00 
_ 1000.0 .19 —140 11.1 3.60 112 -14.8 .181 2 |. .24 -148 0.99 
1500.0 | .25 —167 .9.8 3.10 83 -14.0 .200 -3 91 -174 0.95 
2000.0 2.31 171 8.4 2.64 58 -13.3 .216 —10 ,35 163 0.95 
2500.0 .35 157 7.3 2.31 39 -12.8 .228 —16 .36 148 0.96 
3000.0 .40 140 6.1 2.02 19 -12.5 .236 -23 .36 134 0.99 


А model for this device is available іп the DEVICE MODELS section. 
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Technical Data 


Features 
e Cascadable 50 О Gain 
Block 
e 3 dB Bandwidth: DC to 
1.0 GHz 
e Medium Power 
Pap: 9 dBm at 1 GHz 
° High Gain 
16.2 dB Typical at 1 GHz 
е Low Noise Figure 
4.3 dB Typical at 1 GHz 
e Unconditionally Stable 
|. (К>1) 
е Low Cost Surface Mount 
Plastic Package 
• Таре and Reel Packaging 
Option Available 


Typical Biasing 
Configuration 


Rbias 







DC BLOCK 


INPUT — 


MODAMP Cascadable Silicon 


Bipolar Monolithic Microwave 
Integrated Circuit Amplifier 


RF CHOKE 


— OUTPUT 











Description 

The MSA-2011 is a low cost 
silicon bipolar Monolithic Micro- 
wave Integrated Circuit (MMIC) 
housed in a surface mount 
plastic SOT-143 package. This 
MODAMP MMIC is designed 
for use as a general purpose 

50 Q gain block. Typical appli- 
cations include narrow and 
broad band IF and RF 
amplifiers in commercial and 
industrial applications. 


The MODAMP MSA series is 
fabricated using a 10 GHz f,, 
25 GHz fmax, silicon bipolar 

MMIC process which utilizes 


Voc 27 V 
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MSA-2011 


nitride self-alignment, ion 
implantation and gold metalli- 
zation to achieve excellent 
uniformity, performance, and 
reliability. The use of an 
external bias resistor for tem- 


_ perature and current stability 


also allows bias flexibility. 
Note: The MSA-2011 replaces 


the HPMA-2011. Other 
packages are available. 


Package Outline 


RF OUTPUT 
| | | AND BIAS 
RF INPUT L ]1 4 LJ GROUND 


Outline 143 





Absolute Maximum Ratings"! 









Parameter 
Device Current 
Power Dissipation!2;3] | 
RF Input Power 
Junction Temperature 
Storage Temperature 













_ Thermal Resistancel2!: @,, = 505°C/W 


Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 
2. TcASE = 25°C. 


Electrical Specifications, T, = 25°С 
Ip = 32 mA, Z, =500 | 
Symbol | 








С 


B 
e N 


nit 


Parameters and Test Conditions 


Power Gain (15; 12) f= 0.1 GHz 
f = 0.5 GHz 
f= 1.0 GHz 


Gain Flatness | | |». f=0.1 to 0.5 GHz 


VSWR | Input VSWR = f= 0.1 to 3.0 GHz 
Output VSWR |. f=0.1 to 3.0 GHz 


У 


ау/ат Device Voltage Temperature Coefficient 













? 2 









Р ав 
МЕ 
ta 

D 


ка = | 
A Co "nit 
= р 


Note: | 
1. Refer to PACKAGING section, "Tape and Reel Packaging for Semiconductor Devices." 
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Gp (dB) 


NOISE FIGURE (dB) 


Typical Performance 





FREQUENCY (GHz) 


Figure 1. Power Gain vs. Frequency 
at Four Temperatures, Ip = 32 mA. 





FREQUENCY (GHz) 


Figure 4. Noise Figure vs. 
Frequency at Ip = 32 mA.. 


ul 
а ШШЕ 


Wie we ce cai 


GAIN (dB) 
Рзав (dBm) 





la (mA) | FREQUENCY (GHz) 


Figure 2. Power Gain vs. Current at Figure 3. Typical P, gp vs. Frequency 
25°C. at 25°C. 





а 
= 
= 
« 
о om 
e: 
5, 
uJ 
co 
> 
о 
LL. 
= 77 
E zs 
Š 2 
me 
© 
a 
AMBIENT TEMPERATURE (°C) Vp (VOLTS) 


Figure 5. Power Gain, Noise Figure Figure 6. Ip vs. Vp at Four 
and Р, ав vs. Temperature at 1 GHz Temperatures. 
and Ip = 32 mA. 


8-191 


Typical Scattering Parameters at T, = 25°С 
Ip = 32 mA, Z, = 50 О 


Frequency| бп | 8а | S = 


(GHz) | Mag. (dB) 
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Part Number Ordering Information 


Part Number Devices per Reel 
MSA-2011-TR1 3000 T. 
MSA-2011-TR2 10000 13" 


Conforms to Electronic Indus- 
tries Standard RS-481, "Taping 
of Surface Mounted Components 
for Automated Placement." 
Standard Quantity 1s 3,000 
Devices/Reel. 









USER DIRECTION 
OF FEED 


EN 
қ COVER TAPE 






CARRIER 





TOP VIEW 


END VIEW 


4 mm 


m 
М 


1 





For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 
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Package Outline 
Outline 143 (SOT-143) 


LOW PROFILE 
(STANDARD PROFILE NOT AVAILABLE) 


0.92 (0.036) 
0.78 (0.031) 





Feo et 
+ i 60 
1 Рк 1.02 (0.041) 
! 0.85 (0.033) і 


i d 0.69 (0.027) 
0.10 (0.010) 0.15 (0.006) 0.45 (0.018) 
0.013 DON 0.09 (0.003) 


ALL DIMENSIONS IN MILLIMETRES (INCHES). 
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Features 


e Cascadable 50 Q Gain Block 

e Medium Power: 10 dBm at 900 MHz 

e High Gain: 16.5 dB Typical at 900 MHz | 
e Low Noise Figure: 3.3 dB Typical at 900 MHz 
e Low Cost Surface Mount Plastic Package 

e Tape-and-Reel Packaging Option Available! 


Description 


The MSA-2111 is a low cost silicon bipolar Monolithic Micro- 
wave Integrated Circuit (MMIC) housed in a surface mount 
plastic SOT-143 package. This MODAMPTM MMIC is de- 
signed for use as a general purpose 50 © gain block. Typical 
applications include narrow and broad band IF and RF ampli- 
fiers in commercial and industrial applications. 


The MODAMP MSA-series is fabricated using a 10 GHz fr, 


MSA-2111 


MODAMPTM Cascadable Silicon Bipolar 


Monolithic Microwave Integrated 


Circuit Amplifiers 


SOT-143 Package . 






GROUND RF INPUT- 


RF OUTPUT GROUND 
AND BIAS 


(g) sp 
1.02 (0.041 
q 0.85 (0.033) 


25 GHz Ах, silicon bipolar MMIC process which utilizes 0.10 (0.004) 0.69 (0.027 
0.013 (0.0005) 0.45 (0.018) 


nitride self-alignment, ion implantation and gold metallization 


à . . ЕТ 0.178 
to achieve excellent uniformity, performance and reliability. 





(0.007) 
The use of an external bias resistor for temperature and MIN. 
current stability also allows bias flexibility. : 4 
. . ¿ s DIMENSIONS ARE IN MILLIMETERS (INCHES) MAX. 
Typical Biasing Configuration Tp 
bias 2.108 (0.083) 


O Vcc>5 V 







RFC (Optional) 


Сыоск 
OUT 





Gain Flatness f 2 0.1 to 0.3 GHz 
3 dB Bandwidth 


Гэты Г. L3 
a RE 
ae ЕСЕ 
[вв — ES 
NIIS Ин ЗАМ 

1— 
ЕЕ 

ЕСЕ 

ЕЕ 

psec. 


Output VSWR fz o. 1to 2.5 GHz 


"Nw | 50 Q Noise Figure f = 900 MHz 

[PS | Third Order (tor Point f = 900 MHz 

[t [обору OOM 

% | vie ot ra 
тү/°С 


Notes: 1. Refer to PACKAGING section "Tape-and-Reel MESI E for Semiconductor Devices." 
2. The recommended operating current range for this device is 12 mA to 35 mA. Typical gain performance a as a function of current is on the following page. 


$ со 65| е 
© 2 Сл © 
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MSA-2111 MODAMPTM Cascadable Silicon Bipolar 


Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 


Device Current 35 mA 
Power Dissipation2: 3 125 mW 

















RF Input Power +13 dBm 
Junction Temperature 150°C 
Storage Temperature -65 to 150°C 


Thermal Resistance: 0j; = 505°C/W 


Notes: 


1. Permanent damage may occur if any of these limits are exceeded. 


2. Tcase = 25°C. 
3. Derate at 2.0 mW/°C for Tc > 85°C. 


Typical Performance, Тл = 25°C 
(Unless otherwise noted) | 


Power Gain vs. Frequency 
la = 29 mA | 


Ср, dB 





0.3 0.5 1.0 6.0 


Frequency, GHz 


3.0 


0.1 


Output Power @ 1 dB Gain Compression 
vs. Frequency lg = 29 mA 





14 
12 
e 
© 
© 10 
Q. 
8 
6 
0.1 0.2 0.3 0.5 1.0 2.0 
Frequency, GHz 
Typical Scattering Parameters: Zo = 50 О 
GHz Mag Ang dB Mag Ang 
0.1 28 171 23.0 14.1 167 
0.2 26 163 22.5 13.4 156 
0.3 24 156 21.9 12.5 145 
0.4 21 152 21.2 11.5 136 
0.5 18 149 20.5 | 10.6 128 
0.6 15 148 19.7 9.7 120 
0.7 13 148 19.0 8.9 114 
0.8 11 152 18.3 8.2 108 
0.9 09 158 17.6 7.6 102 
1.0 07 169 16.9 7.0 98 
1.5 08 -123 14.0 5.0 79 
2.0 11 -124 11.8 3.9 63 
2.5 15 -167 10.1 3.2 56 
3.0 27 158 8.3 2.6 43 
3.5 38 145 6.8 2.2 32 
4.0 46 135 5.6 1.9 21 





Part Number Ordering Information 


MSA-2111-TR1 3000 
13" 


MSA-2111-TR2 10000 
For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 








_ Power Gain vs. Current 
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29 mA 





.5 — 
0.1 0.2 0.3 0.5 1.0 2.0 
Frequency, GHz | 
Ta = 25°C, la z 29 mA 
$12 |». S22 

dB Mag Ang Mag Ang k 

-26.0 .050 9 27 177 1.03 
-25.5 053 18 27 175 1.03 
-24.9 057 25 26 173 1.03 
-24.0 063 30 26 171 1.03 
-23.4 068 35 24 170 1.03 
-22.6 074 38 24 169 1.03 
-21.8 081 40 22 169 1.04 
-21.1 .088 42 21 169 1.04 
-20.4 .095 43 .20 168 1.04 
-19.9 101 44 19 169 1.05 
-17.3 136 45 .10 179 1.06 
-15.5 .167 42 .06 -147 1.08 
-14.3 .193 43 .06 -177 1.10. 
-13.5 211 38 12> 149 1.13 
-13.1 .222 34 .16 145 1.14 
-12.6 .234 30 17 144 1.14 


MODAMP Cascadable Silicon 








Amplifier 
Technical Data 


Features 


e Cascadable 50 Q Gain 
Block 


° 3 dB Bandwidth: DC to к 


0.5 GHz 

e Medium Power 
Рав: 9 dBm at 1 GHz 

° High Gain 

_ 18.4 dB Typical at 1 GHz 

е Low Noise Figure 
3.5 dB Typical at 1 GHz 

° Unconditionally Stable 
(k>1) 

e Low Cost Surface Mount 
Plastic Package 

е Tape and Reel Packaging 
Option Available 


Typical Biasing 
Configuration 


R bias 










DC BLOCK 


INPUT -і 





Уч = 4.5 V 


— Rbias = 


ВЕ СНОКЕ 


| OUTPUT 





Vcc- Vd 
ld 


Bipolar Monolithic 
Microwave Integrated Circuit 





Description 

The MSA-3111 is a low cost 
silicon bipolar Monolithic Micro- 
wave Integrated Circuit (MMIC) 
housed in a surface mount 
plastic SOT-143 package. This 
MODAMP MMIC is designed 
for use as a general purpose 

50 Q gain block. Typical 
applications include narrow and 
broad band IF and RF 
amplifiers in commercial and 
industrial applications. 


The MODAMP MSA series is 
fabricated using a 10 GHz t,, 
25 GHz fmax, silicon bipolar 

ММГС process which utilizes 


Vec 27 V 
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HEWLETT 
PACKARD 


Фф. 








MSA-3111 


nitride self-alignment, ion 
implantation and gold 
metallization to achieve 
excellent uniformity, 
performance and reliability. The 
use of an external bias resistor ` 
for temperature and current 
stability also allows bias 
flexibility. 

Note: The MSA-3111 replaces . 
the HPMA-2111. Other 
packages are available. 


Package Outline 


RF OUTPUT - 
GROUND | |2 3 AND BIAS 
RF INPUT i 4 | GROUND 


Outline 143 





Absolute Maximum Ratings! 


Thermal Resistance’ 6,, = 505°C/W 











Ip = 29 mA, Z, = 50 Q | | | 
Symbol Parameters and Test Conditions 


f= 0.1 GHz 
f= 0.5 GHz 


z 
ñ 





Unit 





=: f - 1.0 GHz 
Gain Flatness _ f20.1to 0.5 GHz 


3 dB Bandwidth 












Input VSWR |». fz0.1to3.0 GHz 
Output VSWR f = 0.1 to 3.0 GHz 


CE. тын Order Intercept Poit ОН 
Device Voltage _ Tc = 25°C 


Note: 
1. Refer to PACKAGING section, “Tape and Reel Packaging for Semiconductor Devices.” 






| | В 
EP e 
e° ee 


= 
e N 
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Typical Performance 







zs LIT 
E ipe NE 












= J 5. 
x B 
3 Š š е 
а. 
ee 
| SSH] 
0 
| 0.1 1.0 4.0 
FREQUENCY (GHz) Ip(mA) FREQUENCY (GHz) 
Figure 1. Power Gain vs. Frequency ` Figure 2. Power Gain vs. Current at Figure 3. Typical Рав vs. Frequency 
at Four Temperatures, Ip = 29 mA. 25°С. at 25°C. 





e 
= 
= 
< 
= © " 
Š Š 
ul ш 
З З 
u. ù 
Ф Е 2 
2 5 9 
© 
© 
& 
FREQUENCY (GHz) AMBIENT TEMPERATURE (°С) Vp (VOLTS) 
Figure 4. Noise Figure vs. Figure 5. Power Gain, Noise Figure Figure 6. Ip vs. Ур at Four 


Frequency at Ip = 29 mA.. and Pap vs. Temperature at 1 GHz Temperatures. 
and Ip ж 29 mA. | 
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Typical Scattering Parameters at T, = 25°С 
Ip = 29 mA, Z, = 50 Q 
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Part Number Ordering Information 


MSA-3111-TR1 
MSA-3111-TR2 





Conforms to Electronic Indus- OFFEED 99 
tries Standard RS-481, “Taping | 
of Surface Mounted Components ' 
К 
COVER ТАРЕ 


for Automated Placement." 








Standard Quantity is 3,000 
Devices/Reel. 
CARRIER 
TAPE 
>> ос 
не — SSS 
TOP VIEW END VIEW 
4mm 








For more information, see "Tape and Reel Packaging 
for Semiconductor Devices", page 14-14. 
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Package Outline 
Outline 143 (SOT-143) 


LOW PROFILE 
(STANDARD PROFILE NOT AVAILABLE) 


0.92 (0.036) 
0.78 (0.031) 





1.02 (0.041) 
LL pge АЛ 


0.69 (0.027) 
0.10 (0.010) 0.15 (0.006) 0.45 (0.018) 
0.013 (0.004) 0.09 (0.003) 


ALL DIMENSIONS IN MILLIMETRES (INCHES). 
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Реаїигеѕ | 
e Open Loop Feedback Amplifier 
e Performance Flexability with User Selected 
External Feedback for: | | 2 
. Broadband Minimum Ripple Amplifiers 
Low Return Loss Amplifiers 
Negative Gain Slope Amplifiers 
e Usable Gain to 6.0 GHz 
е 16.0 dB Typical Open Loop Gain at 1.0 GHz 
е 14.5 dBm Typical P; ав at 1.0 GHz 
e Hermetic Gold-Ceramic Microstrip Package 


Description 


The MSA-9970 is a high performance silicon bipolar Mono- 
lithic Microwave Integrated Circuit (MMIC) housed in a her- 
metic high reliability package. This MODAMP™ MMIC is de- 
signed with high open loop gain and is intended to be used 
with external resistive and reactive feedback elements to 
create a variety of special purpose gain blocks. | 


Applications include very broadband, minimum ripple ampli- 
fiers with extended low frequency performance possible 
through the use of a high valued external feedback blocking 
capacitor; extremely well matched (—20 dB return loss) am- 
plifiers; and negative gain slope amplifiers for flattening 
MODAMP MMIC cascades. mE | 


The MODAMP М$А-5епез is fabricated using a 10 GHz fr, 
25 GHz fmax silicon bipolar MMIC process which utilizes ni- 
tride self-alignment, ion implantation and gold metallization 
to achieve excellent uniformity, performance, and reliability. 
The use of an external bias resistor for temperature and cur- 
rent stability also allows bias flexibility. 


Electrical Specifications’, TA = 25°C 


Symbol | Parameters and Test Conditions: ld = 35 тА, Zo = 50 


Power Gain? (|521 |2) 


Output Power @ 1 dB Gain Compression? f 2 1.0 GHz 


GP 
Device Voltage __ | | 
_. dv/dT Device Voltage Temperature Coefficient mV/^ 


n 3 1 


. . . MSA-9970 | 
_, . . MODAMP™ Cascadab | 
..... Monolithic Microwave Integrated | 

| Circuit Amplifiers mE 


RF INPUT 





f = 1.0 GHz 


| |P3 | Third Order Intercept Роме _ | dBm 


70 mil Package 


GROUND 









RF OUTPUT 


Notes: 


f .. 2. Tolerances 
GROUND 


N 


Typical Biasing Configuration 


USER SELECTABLE 


| R bias 


RFC (Optional) 


| Сыоск 


| Vg = 7.8 V 


8. 
7 


ANDBIAS_ v ` 


(unless otherwise s 
1. Dimensions are mm 


le Silicon Bipolar - 


іп .xxx zt .005 
mm.xxzt .13 


Vcc 2 10 V 


OUT 


Notes: 1. The recommended operating current range for this device is 25 mA to 45 mA. Typical performance as a function of current is on the following page. 


2. Open loop value. Adding external feedback will alter device performance. 


ified) 





MSA-9970 MODAMP"" Cascadable Silicon Bipolar 
Monolithic Microwave Integrated Circuit Amplifiers 


Absolute Maximum Ratings 

















— Device Current _ 80 mÀ 







































Power Dissipation?3 _ 750 mW 
RF Input Power *13 dBm 
Junction Temperature 200?C 
Storage Temperature —65?C to 200°C ^ 
= 
| a. 
о 
Notes: 
1. Permanent damage may occur if any of these limits are exceeded. 
2. [CASE = 25°C | 
3. Derate at 6.7 mW/°C for Tc > 88°C. 05 0.1 03 05 10 |. 30 6.0 
4. The small spot size of this technique results in a higher, though | жыны Өш | 
more accurate determination of Ujc than do alternate methods. Rom | 
See MEASUREMENTS section “Thermal Resistance" for more Кенан E on re ere 
information. 
РА DEVICE CURRENT vs. VOLTAGE 
Тс =+125 --- —— Б 
40 Тс =+25°С enn ы 
Тс=-55°С 2 — — «=m D 
« 9 С 
Е 
5 2 
10 0.1 02 03 0.5 1.0 2.0 4.0 
Frequency, GHz 
0 
° 2 Ы ° 9 19 OPEN LOOP OUTPUT POWER @ 1 dB GAIN COMPRESSION 
Va, У and OPEN LOOP POWER GAIN vs. CASE TEMPERATURE 
f = 1.0 GHz, lg = 35 mA 
tn 
© 
а. 
9 
$ 
$ š 
ч 
5 
© 
-55 о -25 +25 +85 +125 
Id, mA : Temperature, °C | 
Typical Scattering Parameters: Zo = 500 TA = 25°С, la = 35 mA 
" St S+ S12 |. S> 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.02 .89 —1 1 7.5 7.51 179 —37.2 .014 4 .93 —1 1.01 
0.05 .90 -3 17.5 7.47 177 —35.6 .017 34 .92 —3 .83 
0.1 .90 —6 17.4 7.45 174 —33.2 .022 43 .93 -6 .70 
0.2 .89 —12 17.4 7.43 168 —29.6 033 61 93 -13 .39 
0.4 .87 —24 17.2 7.27 156 —24.4 .061 63 .91 —27 .24 
0.6 .85 -36 17.0 7.06 145 -20.8 091 58 90 -40 21 
0.8 .82 —47 16.6 6.78 134 —18.8 .115 52 .87 —53 .21 
1.0 .79 —59 16.2 6.49 124 —17.0 .141 44 .84 —66 .24 
1.5 .72 -86 15.3 5.79 100 -14.6 .186 29 .74 —96 .28 
2.0 .65 -113 14.2 5.10 77 —13.4 .215 16 .64 —123 .34 
2.5 .59 —133 13.0 4.45 61 —12.9 .227 7 57 —143 .39 
3.0 .54 —155 11.6 3.79 42 —12.5 236 | -3 .51 —163 .46 
3.5 53 —174 10.3 3.28 26 —12.4 .239 —14 .45 178 .53 
4.0 .52 168 9.2 2.87 ` 10 —12.5 .238 —22 .39 164 .59 
4.5 .53 152 8.0 2.51 -4 —12.6 .234 -30 34 155 - 66 
5.0 55 140 6.9 2.21 — -17 -12.8 .228 —37 31 153 72 
5.5 .55 130 5.8 1.94 -31 -13.2 220 -44 30 154 _.80 
6.0 .55 121 4.6 1.70 —43 —13.6 209 -48 32 157 88 
6.5 56 114 3.5 1.50 -53 -13.8 .203 —54 З7 158 .94 
7.0 .56 107 2.6 1.34 —63 —14.0 .201 —59 42 157 .97 


A model for this device is available in the DEVICE MODELS section. 


Absolute | 


Typical Performance, TA = 25°С 


(unless otherwise noted) 


OPEN LOOP POWER GAIN vs. FREQUENCY 











HEWLETT MSF-86 Series | 
PACKARD Silicon Bipolar MMIC 
| | .. Frequency Converter 





UA. 





Features | E Functional Block Diagrams 
e Up or Down Frequency Conversion with up to 

12 dB Conversion Gain | 

RF input from 0.1 to 2.0 GHz 2-Port Active Mixer 


Low Phase Noise Self-Oscillating LO from 0.1 
to 2.0 GHz Using External Tank Circuit 





е Downconverted IF Output from DC to 0.5 GHz 

e Uniform Performance | — IF 

e Low Power Consumption per Function 

e Low Cost per Function 

e Low Bias Voltage RFC «Үсс>5У 
| ». (optional) 

Description 


The MSF-86 Series is a family of silicon bipolar Monolithic Mi- 
crowave Integrated Circuit (MMIC) Frequency Converters. 
These MMIC's are characterized as simple, 2-port active mixers 
with low power injected LO. They can also function as self-oscil- 
lating active mixers. 


The MSF-86 Series is ideally suited for very low cost or size con- 
strained designs where adequate conversion gain flatness, LO- 
RF and LO-IF isolation or spurious signal rejection can be 
achieved using simple external filters. 


Typical applications include GPS navigation and INMARSAT re- 
ceivers, mobile and cellular radio receivers, VHF/UHF convert- 
ers, and communications and radar systems. 


The MSF-86 Series is fabricated using a 10 GHz f; silicon bipolar 
MMIC process that features sub-micrometer nitride self-align- 
ment and ion-implantation to achieve excellent unit-to-unit uni- 
formity. Biasing requires a fixed single polarity supply with an ex- 
ternal current stabilizing resistor. 


Self-Oscillating Mixer 





These MMIC's are offered in package styles suitable for indus- 
trial, military and commercial applications; model MSF-8635 is 
housed in a cost effective, glass sealed ceramic package, model 
MSF-8670 is in a high reliability, nermetically sealed gold-ce- 
ramic package, and model MSF-8685 is in a low cost, plastic 
package. 


Electrical Specifications, Ta = 25°C, la = 16 тА, Zo = 50 Q 
—20 dBm RF Input at 1.575 GHz and -8 dBm injected’ LO at 1.4 GHz 


_ MSF-8635 MSF-8670 _ 


= 
o 
T 
© 
% 
© 


Symbol Parameters/Test Conditions 


“Conversion Gain at 0. 175 GHz IF f= 1 575 GHz dB 


Е dB Output Power at 1 dB Compression f = 0.175 GHz | dBm | 


3rd Order Output Intercept Point #= : 0. 175 GHz. 
ж.н 
puse 
ШЕТІ 


el >| о | 


— N 
olo 
| | | | % 


оо | || 
| OO | | 





Single-Side-Band Noise Fig | fz1 575 GHz ` 
Input VSWR __ f= 0.1 to 1.5 GHz _ 
Output VSWR  f20.1t0 1.5 GHz 


| Device Voltage — ^/U Voltage Ила | i | | 





zd 
Со {+ 
=b kh 

— 


ШЕ 


=> | — 


— 
— 
© | © 





lol | NI 
| | » 
n | | а ду | 
o | о | > 
o 
| | ж 


| Сл 
| | 
ЗЕЕ 


3 <l! [t [o 





Device Voltage Temp. Coefficient. 


Notes: 1. The recommended operating range for this device i is 12 mA to 25 mA. Typical performance asa function of current i is on the following page. 
2. For the 2-port active mixer application, the LO power is specified at port 1 of the MMIC. 
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MSF-86 Series Silicon Bipolar - 
MMIC Frequency Converter 





Typical Performance, T4 = 25°С 


(unless otherwise noted) 


ACTIVE MIXER: | 
CONVERSION GAIN vs. RF FREQUENCY 


LO = 1.4 GHz, 14= 16 mA 


Gc, dB 





0.8 1.0 12 1.4 1.6 18 20 
RF Frequency, GHz 


ACTIVE MIXER: 
CONVERSION GAIN and IF OUTPUT POWER 
@ 1 dB GAIN COMPRESSION vs. FREQUENCY 


IF = 70 MHz with LOW-SIDE LO, 14 = 16 mA 


Сс, dB 


P4 qp. dBm 





RF Frequency, GHz 


DEVICE CURRENT vs. VOLTAGE 
MSF-8635, MSF-8670 


Te = +125°С —— --- 





20 | Tc =+25°С 
Te = –55°С — — — — — 

< 15 
E 
2 40 

5 

0 

0 1 2 3 4 5 
Уч, V 


Сс, dB 


P4 dB: dBm 


Сс, dB 


P4 ав. dBm 


lg, mA 


ACTIVE MIXER: 
CONVERSION GAIN and OUTPUT POWER Q 1 dB 
GAIN COMPRESSION vs. CURRENT 


RF = 1.575 GHz, LO = 1.4 GHz, IF = .175 GHz 





ACTIVE MIXER: 
CONVERSION GAIN and IF OUTPUT POWER 
@ 1 dB GAIN COMPRESSION vs. FREQUENCY 


IF = 500 MHz with LOW-SIDE LO, I = 16 mA 





RF Frequency, GHz ` 


DEVICE CURRENT vs. VOLTAGE 
MSF-8685 

То = +85°С— ——— 

Тс = +25°С 

Іс--25С---------- 





Уз, V 





EXAMPLE ОҒ GPS DOWN CONVERTER USING MSF-86XX SERIES-CONVE 


WITH INJECTION-LOCKED SELF-OSCILLATING LO AT 1.4 GHz 


RF | | Band 4 — 
| кен 1 A 
500 , 


ч 

EIL I 
A | 3 
| 2 


„ЗА 
nH | 
0.2 pF 50 0 
LO 
—10 dBm 
typical 
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RSION GAIN - 8.5 dB AT 1.575 GHz 





RFC 
(optional) 


+Vcc 


COMPONENT 
COUNT 

1 — Si MMIC 

2 — Resistors 

3 — Capacitors 

1 — Wire Inductor 


Drawing not to scale 
See AN-S005, “Using HP MSF Series Silicon Bipolar 
MMIC Frequency Converters”. 


MSF-86 Series Silicon Bipolar 
MMIC ces nidos А Converter 





| ‘Absolute Maximum Ratings о | 
Absolute Maximum' 


| Msrs6s |  Msr86700 |  М6Ғ-8685 | 





Parameter 


Device Current 

Power Dissipation?^4 . . 
RF Input Power 
Junction Temperature 
Storage Temperature | 
Thermal Resistance 


Notes: 

1. Permanent damage: may occur if any of these limits are suceeded: 

2. Derate at 6.5 mW/°C for Tc > 169°C (MSF-8635); 7.7 mW/°C for Tc > 174°C (MSF-8870); 9.1 mW/^C for Тс > 128°С (MSF-8685). 
3. Storage above +150°С may tarnish the leads of this package making it difficult to solder into a circuit. 

4. TCASE = 25°С. 










MSF-8635 тісго-Х package ; | MSF-8670 70 mil package 
4 GROUND | i | |. 4040 
.083 _. 4[] GROUND 
211 s 44 DIA u 


AND BIAS — р | 
3 | B 
| | | | RF INPUT 


RF INPUT 








.020 
508 





RF OUTPUT 
AND BIAS 











057 #.010 100 | | 
1.45 + .25 2.54 | | | 
Y | | .004+.002 ст 
1 Г 104 05 8-00 
1022 . | .455 t.030 | Th | T о i 5 | | Е 
56 | 11.54 + 76 | | "— x ы 
.006 +.002 12.57Е.76 | "89 
25 8.05 O | 2 
MSF-8685 85 mil plastic package | | Notes: ñ ELSE 
А = “51 _ | 1. Dimensions are in n 
GROUND ( |4 d 


2. Tolerances (unless otherwise specified) 
in: .XXX = 1.005 


RF OUTPUT 
mm: .xx =+.13 


RF INPUT AND BIAS 





1.52 + .25 .008 + .002 


| 5 720 + .05 
К 


8-207 


MSF-86 Series Silicon Bipolar 
MMIC Frequency Converter ` 


Typical Scattering Parameters: MSF-8635 TA = 25°С, la = 16 mA 
| $11 | $21 | $12 | _ 822 | 
GHz Mag Ang dB Mag Ang _ ,dB Mag Ang Mag Ang 








^ 
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0.1 03 -178 20.5 10.59 171 -23.4 068 5 04 -44 1.05 
0.2 .02 -177 20.3 10.31 161 -22.9 .071 8 .05 -68 1.04 
0.3 02 -164 20.0 9.96 152 -22.4 076 14 06 -87 1.04 
0.4 02 -116 19.6 9.55 144 -22.0 079 19 07 -104 1.03 
0.5 02 -100 19.2 9.08 136 -21.8 081 21 09 -114 1.04 
0.6 04 -89 18.7 8.59 128 -21.3 .086 24 09 -123 1.04 
0.8 07 -96 17.7 7.66 115 -20.2 .098 29 10 -140 1.03 
1.0 10 -108 16.6 6.79 103 -19.4 107 31 11 -156 1.02 
1.5 447 -134 14.2 5.13 79 -17.2 .138 _ 30 12 172 1.03 
2.0 24 —160 12.1 4.01 60 -15.8 163 26 12 148 1.04 
2.5 31 -178 10.3 3.26 48 -15.1 .175 27 .12 140 1.08 
3.0 .37 166 8.7 2.72 34 -14.4 .190 24 11 135 1.10 
3.5 42 151 7.4 2.33 21 —13.9 203 19 10 144 1.11 
4.0 46 139 6.2 2.04 9 -13.3 216 16 08 167 4.11 
4.5 48 126 5.1 1.81 -3 -12.8 229 12 08 -173 1.11 
5.0 52 110 4.2 1.62 -15 —12.2 .245 8 .09 -173 1.09 
Typical Scattering Parameters: MSF-8670 TA = 25°C, la = 16 mA 
Fr S11 S21 S12 S22 
GH. Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.1 .05 -147 20.5 10.62 172 -23.3 .068 4 .05 -69 1.05 
0.2 07 -134 20.4 10.41 164 -23.0 070 8 09 -92 1.04 
0.3 09 -126 20.1 10.16 156 -22.6 074 12 13 -104 1.02 
0.4 11 -123 19.9 9.85 148 -22.4 076 14 16 -113 1.00 
0.5 13 -123 19.6 9.50 141 -22.0 079 16 20 -121 0.99 
0.6 15 -123 19.2 9.09 135 -21.8 082 18 22 -128 0.97 
0.8 19 -126 18.4 8.28 122 -20.7 093 22 25 -141 0.94 
1.0 24 -129 17.5 7.46 110 -19.8 .103 22 27 -154 0.92 
1.5 31 -141 15.2 5.76 87 -18.2 124 23 27 -176 0.91 
2.0 38 -157 13.0 4.47 68 -17.2 138 19 24 166 0.94 
2.5 42 -167 11.1 3.59 57 -16.7 146 20 21 158 1.01 
3.0 46 178 9.5 2.97 45 -16.4 152 16 17 156 1.07 
3.5 48 173 7.9 2.49 33 —16.2 155 11 14 163 1.15 
4.0 48 164 6.6 2.13 22 -16.1 156 9 11 -175 1.27 
4.5 . 48 155 5.5 1.87 13 —15.9 .161 5 11 -154 1.35 
5.0 48 143 4.5 1.67 3 —15.8 .163 3 14 -141 1.46 
Typical Scattering Parameters: MSF-8685 TA = 25°C, la=16 mA 
Er 511 521 S12 $22 
ені Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
0.1 04 171 20.1 10.09 171 -22.5 075 5 04 -30 1.04 
0.2 02 -180 19.8 9.75 161 -22.4 076 10 05 -56 1.04 
0.3 02 -143 19.4 9.38 153 -22.2 077 15 07 -76 1.05 
0.4 03 -113 19.1 8.99 145 -21.8 081 17 08 -91 1.04 
0.5 05 -105 18.7 8.57 138 -21.3 086 21 10 -104 1.04 
0.6 07 -101 18.2 8.14 131 -20.7 .092 25 11 -116 1.03 
0.8 10 —111 17.3 7.32 119 —19.7 .103 28 13 —134 1.01 
1.0 13 -118 16.4 6.57 107 —18.8 115 28 14 -150 0.99 
1.5 21 -140 14.1 5.06 84 -17.1 140 28 15 180 1.00 
2.0 29 -163 12.0 3.98 65 -15.8 163 26 16 157 1.02 
2.5 34 -176 10.3 3.26 55 -15.2 174 28 16 150 1.06 
3.0 41 169 8.7 2.71 42 -14.8 81 25 15 143 1.10 
3.5 46 157 7.2 2.31 30 -14.2 194 22 13 144 1.11 
4.0 49 146 6.1 2.01 18 -13.8 203 20 10 156 1.13 
4.5 52 135 5.0 1.77 7 —13.4 215 17 09 173 1.14 
5.0 54 123 4.1 1.60 -3 -12.9 226 15 09 -178 1.14 








PACKARD Silicon Bipolar MMIC 
Frequency Converter | 


HEWLETT MSF-88 Series 
Ф 





Features PE Functional Block Diagrams 


The MSF-88 Series is a family of silicon bipolar Monolithic Mi- 


Up or Down Frequency Conversion with up to 
20 dB Conversion Gain | 
RF Input from 0.5 to 8.0 GHz 2-Port Active Mixer 


Low Phase Noise Self-Oscillating LO from 0.5 
to 8.0 GHz Using External Tank Circuit 


Downconverted IF Output from DC to 2.0 GHz 
Uniform Performance | | — j 
Low Power Consumption per Function 
Low Cost per Function 





+Vcc 210 V 


- | ВЕС 
Description | x (optional) 


LO 


crowave Integrated Circuit (MMIC) Frequency Converters. 
These MMIC's are characterized as simple, 2-port active mixers 
with low power injected LO. They can also function as self-oscil- 
lating active mixers. 


The MSF-88 Series is ideally suited for very low cost or size con- 

strained designs where adequate conversion gain flatness, LO- 

RF and LO-IF isolation or spurious signal rejection can be M | 
achieved using simple external filters. | | Self-Oscillating Mixer 


Typical applications include Satellite MATV and TVRO block 
converters, GPS navigation and INMARSAT receivers, mobile —— шы 4 


and cellular radio receivers, and communications and radar sys- 
tems. н> 


Тһе MSF-88 Series is fabricated using a 10 GHz f; silicon bipolar 
MMIC process that features sub-micrometer nitride self-align- 
ment and ion-implantation to achieve excellent unit-to-unit uni- 
formity. Biasing requires a fixed single polarity supply with an ex- 
ternal current stabilizing resistor. 


These MMIC's are offered in package styles suitable for indus- 


eS 
ім 















RFC 
(optional) 


trial, military and commercial applications; model MSF-8835 is | Ега) 
housed іп a cost effective, glass sealed ceramic package, model | 

MSF-8870 is in a high reliability, hermetically sealed gold-ce- 

ramic package, and model MSF-8885 is in a low cost, plastic 

package. | 





| | | dB. 
Input VSWR f=0.5t05.0 GHz | - | 
Output VSWR f=0.5to50GHz | - | ` 
Device Voltage Vv 77.0 | 
— [79 


Electrical Specifications, ТА = 25°C, la = 36 mA, 20-500. 


—20 dBm RF Input at 4.2 GHz and +5 dBm injected? LO at 5.15 GHz 


Gc Conversion Gain at 0.95 GHz IF _ f = 4.2 GHz 
Output Power at 1 dB Compression f = 0.95 GHz 


ашышы Tr [ss ns e [s шата (ы 
м. [тур [мах ме] тур [мак | ми. ту 
E 





Notes: 1. The recommended operating range for this device is 20 mA to 40 mA. Typical performance as a function of current is on the following page. 


2. For the 2-port active mixer application, the LO power is specified at port 1 of the MMIC. 
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MSF-88 Series Silicon Bipolar — 
MMIC Frequency Converter 





Typical Performance, Ta = 25°C 


(unless otherwise noted) 


7- ACTIVE MIXER: | | `° ` ` 
CONVERSION GAIN vs. RF FREQUENCY 


LO = 5.15 GHz, lq = 36 MA . 


Gc, dB 


Сс, dB 


P4 dB: dBm 





RF Frequency, GHz 


ACTIVE MIXER: 
CONVERSION GAIN and IF OUTPUT POWER 
@ 1 dB GAIN COMPRESSION vs. FREQUENCY 


IF = 70 MHz with HIGH-SIDE LO, Іа = 36 mA 


Сс, dB 


P4 qp. dBm 





RF Frequency, GHz 


DEVICE CURRENT vs. VOLTAGE 





MSF-8835, MSF-8870 
Тс x+1295n0€Ç —— — 
30. Тс = +25°С 
_ Te = -55°C — — — — 
Ё | Ё 
5% 3 
10 
0 
0 2 4 6 8 10 
Уз, V 


FERA ACTIVE MIXER: . s 
_ CONVERSION GAIN and OUTPUT POWER @ 1 dB 
GAIN COMPRESSION vs. CURRENT 


RF = 4.2 GHz, LO = 5.15 GHz, IF = 0.95 GHz 





ACTIVE MIXER: 
CONVERSION GAIN and IF OUTPUT POWER 
@ 1 dB GAIN COMPRESSION vs. FREQUENCY 


IF = 1.0 GHz with HIGH-SIDE LO, lq = 36 mA 





RF Frequency, GHz 


DEVICE CURRENT vs. VOLTAGE 
MSF-8885 





Va, V 





EXAMPLE OF TVRO BLOCK DOWN CONVERTER USING MSF-88XX SERI 


FROM 3.7-4.2 GHz WITH SELF-OSCILLATING LO AT 5.15 GHz 


Ә +V 
_RFC im 
(optional) 
| | | IF 
RF 


1.45-.95 GHz 
3.7-4.2 GHz. Ж 





Dielectric 
Resonator 
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ES-CONVERSION GAIN = 7.5 + .5 dB - 


COMPONENT 

COUNT 

1 — Si MMIC | 
IF 2 — PC Filters . 

1 - Resistor 

1 — Capacitor 

1 — Dielectric Puck 





+Усс 


Drawing not to scale 
See AN-S005, "Using HP MSF Series Silico 
MMIC Frequency Converters". 


n Bipolar 


MSF-88 Series Silicon Bipolar 
. MMIC Frequency Converter 





Absolute Maximum Ratings- БЕ. : с 


Рагатеїег 
| | | | .MSF-8835 MSF-8870 _ . . MSF-8885 


Device Current | '80 mA | — 
Power Dissipation24 
.RF Input Power 


750 mW 500 mW 
+20 dBm +20 dBm 


2007€ — | 150 *C 
200 9(53 150 °C 
175 °C/W | | 130 °C/W 


Junction Temperature 
Storage Temperature 
Thermal Resistance‘ 





Notes: | | 

1. Permanent damage may occur if any of these limits are exceeded.  . 

2. Derate at 5.7 mW/°C for Tc > 69°C (MSF-8835); 6.7 mW/*C for Tc > 88°C (MSF-8870); 7.7 mW/°C for Tc > 85°C (MSF-8885). 
3. Storage above +150°С may tarnish the leads of this package making it difficult to solder into a circuit. 

4. TCASE = 25°С. | | | 







_ MSF-8835  micro-X package | MSF-8870 70 mil package 
|». .'4[] GROUND | | Ба” _ 
215 102 NN 
| 083 т . 4 [ GROUND 
211 DIA 
RF OUTPUT 
RF INPUT AND BIAS 020 
| .508 





RF OUTPUT 
AND BIAS 





š B | RF МРОТ 





GROUND 
.004+.002 — | "t Р 
“10 2.05 27 


.56 11.54 £ .76 | .495 +.030 » 035 
15 + | 











002 
, 05 = 
MSF-8885 85 mil plastic package | Notes: 
>| я 1. Dimensions are in 






2. Tolerances (unless otherwise specified) 
RF OUTPUT in: .XXX = +.005 


RF INPUT AND BIAS mm: .XX = +.13 





| | HEN .900 t .030 кке 
020 127 + 76 
51 


‚ 8-211 


MSF-88 Series Silicon Bipolar 
MMIC Frequency Converter ` ` 


Typical Scattering Parameters: MSF-8835 - i ТА = 25°C, la = 36 mA 


S21 o "X S12 S22 
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2200042 Su 
1100. Mag Ang dB Mag Ang . dB Mag Ang Mag Ang k 
0.1 .63 -17 32.55 42.02 161 7 -377 013 55 63 _ -19 0.72 
0.2 ..58 -33 31.5 37.52 145 -33.7 .021 47 56 -37 0.73 
0.4 A9 -56 29.1 28.50 119 -29.7 .033 54 42 2-66 0.72 
0.6 . .40 -70 26.7 21.54 103 -27.9 040 55 132 -84 0.78 
0.8 135 -80 24.6 17.01 92 -26.0 050 53 24 -98 0.85 
1.0 33 -89 229 13.98 82 -240- .057 52. .18- -107 0.89: 
1.5 530 -111 19.5 9.45 64 -22.1 .079 51 .09 -126 0.95 
2.0 30 -133 16.9 7.03 48 -20.2 098. 44 07: -14 0.99 
2,5 132 -150 14.9 5.53 ` 39 -19.2 110 42: 06 -166 1.04 
3.0 34 —170 13.2 4.56- 26 —18.3 122 36 .06. -106 1.06 
3.5 .38 175 117 3.86 14 -17.5 133 32 08 -100 ^ 108 
4.0 39. 162 10.5 3.33 222 -16.7 146 27. 42-101: 71.08 
5.0 41 132 7.9 2.47 -21 -15.6 165 19 21 -113 1.10 
6.0 52 95 5.8 1.94 _ -45 —14.6 .187 7 20 -149 ` -1.05 
Typical Scattering Parameters: MSF-8870 ^" TA = 25°С, la = 36 mA 
Fr Sa 921 | S12 S22 
GHz Mag Ang — dB Мас Ang dB. Мад Ang Mag Ang k 
0.1 65 -19 325 42.04 161 -36.3 01522-.40 64 -22 0.78 
0.2 60 -35 315 37.54 145 -33.7 021 2247 58 22-43 0.66 
0.4 48 -60 29.1 28.49 122 -30.5 030.51 47 274 0.64 
0.6 40 -76 26.8 21.90 108 -28.0 040 50 538 -97 0.72 
0.8 135 —88 24.9 ` 17.48 97 -26.2 .049 50 33 -113 0.78 
1.0 32 -102 23.4 14.85 87 -24.9 057 51 28 —128 0.83 
1.5 29 -118 20.1 10.14 70 -23.0 071 47 22 -151 0.91 
2.0 30 -133 17.6 7.55 56 -21.9 081 45 16 -167 0.98 
2.5 31 —139 15.6 6.01 49 -20.0 100 46 12 -172 1.02 
3.0 32 —149 13.8 4.87 39 -19.5 .106 41 .07 -170 1.11 
3.5 34 -158 12.2 4.09 28 -18.4 121 35 07 -143 1.12 
4.0 134 -168 10.8 3.48 17 -17.7 131 31 12 -112 1.16 
5.0 33 161 8.4 2.63 -3 —16.6 147 21 19 -103 1.26 
6.0 139 128 6.2 2.04 -22 -16.2 155 10 21 -115 1.36 
Typical Scattering Parameters: MSF-8885 ТА = 25°С, la = 36 mA 
=, $11 521 512 = S22 | 
GHI Mag Ang dB . Mag Ang dB Mag Ang Mag — Ang k 
0.1 .64 —21 32.5 42.29 160 —36.5 .015 40 .61 -24 0.78 
0.2 58 -39 31.3 36.89 144 -32.8 023 50 54 —45 0.67 
0.4 44 -65 287 27.20 120 -29.4 ‚034 54 42 -77 0.69 
06. 36 -82 26.3 20.57 ‚106 -27.2 .044. 53 33 -98 0.77 
0.8 31 -95 24.3 16.31 96 -25.2 055 53 .28 -115 0.83 
1.0 27 -105 22.55 13.36 87 -24.2 061 51 95. —129 0.87 
1.5 24 -125 19.3 9.24 71 -21.4 085 50 18 -153 0.96 
2.0 26 -147 16.7 6.82 56 -19.7 103 47 15 -173 0.98 
2.5 29 -159 ` 14.9 5,57 48 -18.4 120 44 | 12 180 1.00 
3.0 34 -175 13.1 4.51 37 -17.7 130 42 .09 165 1.03 
3.5 538 172 11.6 3.80 25 -16.9 144 37 06 172 1.04 
4.0 42 161 10.1 3.21 14 -16.3 153 33 .04 —139 1.06 
5.0 48 135 7.7 2.43 --7 -15.6 167. 24 09 -90 1.09 
6.0 60 102 5.5 1.88 -29 -14.9 479. —140 1.06 





J. Gallium Arsenide 
Microwave Monolithic 
Integrated Circuits 
The high mobility of Gallium 
Arsenide can be put to use in 
MMICs as well as discrete _ 
devices, leading to families of 
high performance amplifiers 
and control MMICs. These 
devices are designed to work 
optimally in the 1 to 18 GHz : 
frequency range, although ` 
operation to lower and higher 
frequencies is possible in _ 
individual offerings. In general 
these devices are targeted for 
specialty applications where | 


excellent electrical performance 


is the primary consideration. . 


Processes 
А number of processes are und 
to manufacture these devices. 


MESFET processes: Hewlett- 


Packard has a number of 
MESFET processes, 


variously optimized for gain, 


noise performance, or | 
power. | 

PHEMT process: MMICs 
processed using this tech- 
nology are targeted for 
markets putting a premium 
on low noise figure and 


improved device-to-device | 
consistency. 

Control Process: For devices- 
such as switches and 
attenuators, a special 

process is used that 
"provides more robust gate 


structures for higher power ` ier 
_ dBm output power. The HMMC- 
_ 2006 is a DC-6 GHz SPDT ` 


handling capability. 


Product Families 

The MGA family are high 
frequency amplifiers of various 
kinds. Included are general | 


broad band traveling wave ` ` 


amplifier gain blocks (MGA- 


61100 and MGA-61000), low 


noise amplifiers (MGA-62100), | 


ú partially matched FET a wasa, 


requiring external tuning for 
medium power applications . 


_ (MGA-63100 and MGA-65100), | 


and broad-band feedback ` 
amplifiers (MGA-64135 and 
MGA-66100) for commercial ` 


the only packaged offering i in 
this family; the remaining 


chip form. 


The HMMC produet line offers a 
variety of chip products. The _ 


. HMMC-1001 is a voltage 


variable attenuator operational 


from DC to 50 GHz. The 


HMMC-5021, -5022, and -5026 


` are 2-22 and 2-26.5 GHz travel- 


ing wave amplifier MMICs. The 
HMMC-5008 and HMMC-5009 


are single and dual output 2-8 


GHz amplifiers with up to 24 


reflective switch. 


The MGS family are single-pole 


` double-throw switches designed 
for commercial applications. | 


Both an ‘absorptive version. 


| (MGS- 71 series) anda reflective — . 
version (MGS-70 series A) are | 
. offered. Package options include | 
80-8 plastic surface mount and ' 


hermetic glass-metal packages, 


The very low current draw of. . 
` these MMIC switches makes — 
them a superior choice in appli- И Е 

. — eations where power consump- | 
applications. The MGA-64 1351 is | 
^ Operation is from DC to 6 GHz, 

Е i depending on packaging. 
products are supplied only i in ^ 


tion is a major concern. 


These high performant MMICs. | 
are ideal for communications, _ 
-instrumentation, and other / 
commercial and military | 


applications. 


Gallium Arsenide Monolithic Microwave Integrated Circuits | 
General Purpose Amplifiers (Typical Specifications at +25°С Case Temperature) 


Bandwidth G |... DG Pig _ | Е | 
Part Number (GHz) (98) (dB) (dBm) Package | Page 
7.0 0.5 6.0 | hp | 9-25 — 
| 8 1.0 5 21 chip 










MGA-61000 2-18 9-25 
HMMC-5021 9-15 
HMMC-5022* 9-19 









HMMC-5026* 5 21 9-19 
MGA-61100 6.0 | | 928 
MGA-66100 | 75 | | 9-42 
MGA:-64135 | 26 | 90 — 


Low Noise Amplifiers (Typical Specifications at +25°С Case Temperature) 


Part Optimum Freq. Range Test Freq. G P4dB 
Number (GHz) (GHz) ` (dB) (dBm) Package Page 
м. | M0 | 25 | 


MGA-62100 NN HEN | 990 | 
~ 9-34 



















Part Optimum Freq. Range Test Freq. ТЫ 

Number ... (GHz) | (GHz) (dBm) 

MGA-63100 | 6-18 +22.0 
МСА-65100 2-18 | 


Switches (Typical Specifications at +25°С Case Temperature) 


Insertion 
Loss 




















Q 1 GHz 





Type 
SPDT reflective 
SPDT absorbtive 
SPDT reflective 
SPDT absorbtive 
SPDT reflective 








MGS-70008 
MGS-71008 
MGS-70018 
MGS-71018 
HMMC-2006 











180 mil SM 
180 mil SM 
chip 








9 ja | 


Notes: | 
[a] Tuned measurement. 
TContact Sales Office. 


eStandard Hi-Rel version available. 


GaAs MMIC DC-50 GHz 


KA packar 





Voltage Variable Absorptive 


Attenuator E 


Technical Data 


НММС-1001 


Features | | | | Outline Drawing 


e Wide Attenuation Range >30 dB 
° Exceptional Bandwidth ` 

DC - 50 GHZ — ЕС. 
ө VSWR «2:1 Cascadable 


° Very Low DC Power 
JA Dissipation «50 milliwatts 


Description 

The HMMC-1001 GaAs MMIC 
attenuator is designed for wide | 
dynamic attenuation range with 
excellent input/output match 

. over the full DC to 50 GHz 

band. The circuit employs six 
MESFET devices as voltage 
variable resistors. А DC refer- 
ence circuit, on chip, may be 
used for enhanced performance . 
such as automatic impedance 
matching, linear attenuation, 
and temperature compensation. 
The chips have silicon nitride _ 
passivation and polyimide 





V1 || DC 
CONTROL . OUT 





DIMENSIONS IN 
MICROMETERS 


scratch protection, — - об 


Absolute Maximum Ratings* T, = 25°С 


+0.5. 


Maximum Assembly 
Temperature (for 60 
seconds maximum) 





"Operation in excess of any one of these conditions may result in 
permanent damage to this device. 


**Derate linearly to zero at maximum rated temperature. 
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Applications 
The HMMC-1001 can be used as 
a voltage controlled attenuator 
in ECM, EW, radar, and tele- 
communication systems. The 
combination of wide attenuation 
range, low minimum attenua- 
tion, and flat frequency __ 
response, combined with 
excellent input/output match 
makes it useful in applications 
such as automatic gain control, 
amplitude and pulse modula- 
tion, and SPST switching. 


Electrical Specifications 
T, = 25°C, Z = 50 Q 







Parameters ` 







Minimum Attenuation (S21) М1 =0 V, У2 =-4 | 






Input/Output Return Loss V1 “ 0V,V2=-4V 






DC Power Dissipation 
(does not include input signals) 









RF IN/OUT RF OUT/IN 





DC IN V1 v2 DCOUT ` ` 
(OPTIONAL) | (OPTIONAL) 


p 
| 
i 
1 
j 
I 
і 
| 
В 
} 
D 
| 
В 
j 
і 
і 
| 
| 
І 
і 
р 
| 
| 
| 
І 
Í F. 
| 
| 
| 
І 
| F 
| 
| 
| 
1. 
| 
| 
) 
| 
В 
d 
| 
і 
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Figure 1. Schematic. 





Operation 


In the HMMC-1001 schematic 
(Figure 1) the six MESFETs in 
the RF signal path are in the 
configuration of a resistive TEE 
attenuator. The circuit is sym- 
metrical, allowing either RF 
port to be the signal input or 
output. The attenuation level is 
set by the control voltages V1 
(which controls the series 
resistors in the TEE) and V2 
(which controls the shunt 
resistor in the TEE). Typical 
values for V1 and V2, chosen to 
provide optimum input and 
output VSWR, are shown in 
Figure 2. The ЫС, and ВС 
terminals may be used with an 
external driver circuit (see 
below). If not used, these ter- 
minals may either be grounded 
or left open. 


Горегайоп from a single control 
voltage is desired, either one of 
two driver circuits may be used. 
The first is shown in Figure 3. 
Ап operation amplifier con- 


DC CONTROL VOLTAGE (VOLTS) 


_ ATTENUATION (dB) 


Figure 2. Typical DC Control 


Voltages. 





nected to the DC,, and V1 ter- 
minals provides automatic input 
and output impedance matchirig 


by comparing the (nominal 


500 Q)resistanceofthe DC 
reference circuit to the value of 
R1. À second operational ampli- 
fier, connected to the DCour and 
V2 terminals, provides linear 


attenuation settings from the 


single control voltage as shown ` 
in Figure 4. In this driver 


network, V. is typically set at 


—0.6 V and R1 is adjusted to 


achieve optimum return loss. 


The attenuation is then set at 
the desired level by varying Vin 
between 0 and -2 V. 


A simplified driver circuit is 
shown in Figure 5. Here, one of 
the operational amplifiers is 
eliminated and attenuation is 
set directly by varying the 
voltage at V2. The result is the 
attenuation vs. control voltage 
curve shown in Figure 6. 


With either of these driver 
circuits, R1 and R2 are adjusted 


DC IN 





_ for best return loss. Nominal ; 


values for both are 420 Q. For 
operation with either driver, the 
typical attenuation, return loss 
characteristics, and group delay 
are shown in Figures 7 8 and 9 
respectively. 


Assembly Techniques 


Solder die attach using an AuSn 


solder preform is recommended. 
Gold thermosonic wedge bond- 
ing is recommended for all wire 
bonds. The top and bottom 
metallization is gold. Other 
assembly methods may also be 
used. For more detailed infor- 
mation see HP Application Note 
#999 “GaAs MMIC Assembly 
and Handling Guidelines”. 


GaAs MMICs are ESD sensitive. 
Proper precautions should be 
used when handling these 
devices. 








Figure 3. Linear Driver Circuit. 


DC IN vi . v2 DC OUT 





° R2 2 500 
2 А 
о CONTROL 
< -0.6 VOLTAGE 
> VOLT 0 TO -2 V 
Р 
4 
26.5 GHz 
0.02 0.05 0.1 05 1 2 
CONTROL VOLTAGE (V) 


Figure 4. Typical Attenuation vs. Figure 5. Simplified Driver Circuit. 
Control Voltage (Vn) for the Linear | | 
Driver Circuit. 


ATTENUATION (dB) 





-1 2 3 
CONTROL VOLTAGE 


Figure 6. Typical Attenuation vs. Control Voltage 
(Vi) Simplified Driver Circuit. 


. ATTENUATION (dB) 





FREQUENCY (GHz) 


Figure 7. Typical Attenuation Characteristics. 
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RETURN LOSS (dB) 





0 13.25 26.5 33.25 40.0 ^ - 50.0 
FREQUENCY (GHz) 


Figure 8. Typical Input and Output Return Loss. 


P SEC 





FREQUENCY (GHz) 


Figure 9. Typical Group Delay. 


Typical S-Parameters at Various Attenuation Settings, T, = 25°С 


Minimum Attenuation Setting 


Frequency $11 $21 $12 $22 
(MHz) Mag. Ang. dB Mag. Ang. Mag. Ang. Mag. Ang. 
45 


-1.2 
-1.8 
-5.0 
-9.2 
-17.6 
-34.4 
51.2 
-68.0 





-84.6 
-101.0 
-126.4 
-152.0 

172.8 

135.9 
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5dB Setting 


Frequency 
(MHz) 


100 












10 dB Setting 
Frequency S21 
= Mag. 


-10.1 0.314 p 








15 dB Setting 


mD Mag. Mag. Ang. Mag. — Ang. 











20 dB Setting 


Frequency 
| (MHz) apes 





25 dB Setting 


| Frequency | $21 
E: Mag. 


Maximum Attenuation Setting 


Frequency | Si 
(MHz) | Mag. Ang. 
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GaAs MMIC SPDT Switch 


Technical Data 


Features 
е Broad Bandwidth: 
DC - 6 GHz 


е Low Insertion Loss: 1 dB 
° High Isolation: 


60 dB at 300 MHz 
35 dB at 6 GHz 


e High Рав: 
23 dBm at 50 MHz 
>27 dBm at 6 GHz 

е Low DC Power Dissipation 


° Fast Switching: 1 nsec 


Description 

The HMMC-2006 is a broad- 
band, single-pole-double-throw 
(SPDT), reflective switch chip 
designed and fabricated using 


HP's GaAs MMIC process. It has - 


low insertion loss and excellent 
input/output match to 50 ohms 
over the full DC to 6 GHz band. 
Quality, performance, and relia- 
bility are achieved through the 
use of MBE technology, TiPtAu 
metallization, silicon nitride pas- 
sivation, and polyimide scratch 


protection. Gold-plated through- - 


substrate vias provide the 
ground connection to the chip 
backside. 


Applications 
The HMMC-2006 is ideal for use 
in ECM, EW, radar, communica- 


Outline Drawing 


tions, and many other systems 
requiring SPDT switching. It 
can also be used as a terminated 
SPST (single pole single throw) 
switch by placing a 500 load on 
either RF output port. | 


Assembly Techniques 
Epoxy die attach is recommend- 
ed. The top and bottom metalli- 
zation is gold. For bonding and 
other assembly methods see HP 
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HEWLETT 
PACKARD 


HMMC-2006 (DC - 6 GHz) 





995 1070 


All Dimensions in microns ` 
All Pad Dimensions are 

75x 75 ит | 

Chip Thickness is 130 +/- 10 pm 


application note #999 "GaAs 
MMIC Assembly and Handling 
Guidelines". .. 


GaAs MMICs are ESD sensitive. 
Proper precautions should be 
used when handling these 
devices. 





RF Electrical Specifications, TA = 25°C, Zo = 50 О, 
Vsel high = OV, Vsel low = -10V 


Parameters 





>= 
Leakage Current, Увы = = шені 





Select Voltages 1 and 2+ 


КЕ Input Power 


Ambient Operating Temperature 


| Storage Temperature 


Maximum Assembly Temperature (for 60 seconds 
maximum) 





*Operation in excess of any of these conditions may result in permanent ни to this device. 
**Vrf (peak) + | Vse] min! «12.5 volts 
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RF input 


RFoyr 207-1} ae RFour 1 





Figure 1. HMMC-2006 Simplified Schematic 






eue | mmm 


È 


low = -10 volts 
high = 0 volts 






Figure 2. Truth table for switch operation 
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INSERTION LOSS (dB) 
ISOLATION (dB) 





3 | 3 
FREQUENCY (GHz) | FREQUENCY (GHz) 


Figure 3. HMMC-2006 Typical Insertion Loss, ВИ умът 
to ЕК уут 1 or ЕЁ уу 2. Figure 4. HMMC-2006 Typical Isolation 


RETURN LOSS (dB) 
INSERTION LOSS (dB) 





15 
3 
FREQUENCY (GHz) INPUT POWER (dBm) 


; | : : t | 
Figure 5 pesti pti m apii rii Figure 6. Typical Power Handling Characteristics 
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GaAs MMIC Traveling Wave 


Amplifier | 
Technical Data 


Features 

° Superior Bandwidth: 
2-22 GHz 

е Low VSWR: «1.5:1 

* Flat Gain Response: +1.0 dB 
Typical 

о High Gain: 8.0 dB Typical 

е Gain Control: 30 dB Range 

e High P 


1dB* 


19 dBm at 22 GHz 


Description 


The HMMC-5021 GaAs MMIC 
amplifier i is designed for high 
gain and excellent input and 
output match to 50 ohms over 
the full specified band. This 
bandwidth is achieved through 
the use of 7 MESFET cascode ` 
gain stages. Advanced MBE 
technology, TiPtAu metalliza- 
tion, silicon nitride passivation, 
and polyimide scratch protection 
combine for superior perform- 
ance and reliability. The back- 
side of the chip is RF and DC 
ground. It is recommended that 
the RF input and output connec- 
tions be made using a gold wire 
mesh. 





HMMC-5021 (2-22 GHz) 





VDD 










AUX. DRAIN | 

» LL] un. 
ase 
g 


1 ГО Tc7000 С) 







пер = нен тен нен неншінС 


R.F.INPUT < 





















3 Y Fil РАО | OTHER 
= = ^D | PADS 
780 + I | 
770 | 560 
- 295 555 
0 

ALL DIMENSIONS IN MICRONS 

RECTANGULAR PAD: DIMENSIONS: 75 x 75 um Eon 

OCTAGONAL PAD DIMENSIONS: 90 um DIA. 

CHIP THICKNESS: 120 - 140 um 

Outline Drawing 

Absolute Maximum Ratings, T, = 25°С* 

T Parameters | Min. | Max Units 


Positive Drain Supply ES 
Emme x 






= 2nd Gate Bias 


| P. RF Input Power 
а Operating Channel Temperature 


Storage Temperature 


Q 
< | < 
< == 
n| о 


= 

Q 

B 
о о 
ЕЕ 


E 
Q» 
Q 





Maximum Assembly Temperature 
(for 60 seconds maximum) 










` 
. 





Drain Supply Current 


Gate Current 
DC Power Dissipation 


= 


| *Operation i in excess з of any one of these conditions may result in permanent damage 


to this device. 
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Applications 


The HMMC-5021 is designed for 
use as gain blocks in ECM, EW, 
radar, and communication sys- 
tems. It is ideally suited for 
wideband applications requiring 
very flat gain response. 


Operation 

This amplifier is biased with a 
single drain supply, V,,, and a 
single gate supply, Vag (see 
Figure 1). The auxiliary gate and 
auxiliary drain can be used for 
extended low frequency re- 
sponse, however, proper external 
bypass circuitry is required (do 
not attempt to apply bias to 


RF Electrical Specifications. 


Z, = 50 ohms 


| Parameters | | 


Symbol 
сы | зоба oo 


Output Power at 1 dB Compression, f = 2 GHz - 
m Output Power at 1 dB Compression, f - 22 GHz 





these pads). The second gate 
can be used to obtain 30 dB 
(typical) dynamic range control. 
The auxiliary gate, auxiliary 
drain, and second gate should 
be left open when not in use. 


Figure 2 shows a suggested bias 
schematic. À bypass capacitor 
C1 (550 pF) and series inductor 
L1 (24 nH) are required for the 
drain supply connection. DC 
blocking capacitors C2 and C3 
are >50 pF. V... should be 
applied prior to Vp- Усс can 
then be adjusted to set Г, to the 


desired current (typ -0.3 V for 


I, = 150 mA). | 


, 


Input Return Loss - 





Isolation 


Output Return Loss | 


Second Harmonic Level, P = 17 dBm. f = 6 GHz 


Third Harmonic Level, Р, = 17 dBm, f = 6 GHz 


NE EM 2nd Order Intercept Point, f - 6 GHz | 


3rd Order Intercept Point, f=6 GHz 








DC Electrical Specifications, T,=25°C, — 





T | = -31 


Parameters | 
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Assembly Techniques 


Solder die attach using a AuSn. 
solder preform is recommended. 
Gold thermosonic wedge bond- 
ing is recommended for all 
bonds. The top and bottom 
metallization is gold. Other 
assembly methods may also be 
used. For more detailed infor- 
mation see HP application note 
#999 "GaAs MMIC Assembly 
and Handling Guidelines." 





GaAs MMICs are ESD sensitive. 


Proper precautions should be | 
used when handling these 
devices. | 





T, = 25°С, У = 7 V, I = 150 mA or Iss (whichever is less), 


ical Units 
GHz 


| 3 


or 
| 


2 


| ка 


18 
14. 


~] 


В 
30 | dBm 









HMMC-5021 (2-22 GHz) 
Typical sic Т, = = 25°C, Уь = 7 V, L, = 150 mA or |, — is less) 


Frequency УЯ 
| (MHz) | жа" " Ang Ang — Mag "Ang 
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2000 0.103 -1314 3. T. 117.1 0.001 -177. F 0.013 122.0 
2500 0.094 -139.5 3.025 106.9 “Р 0.001 -168.7 0.069 70.9 
3000 0.092 -151.9 3.050 93.6 9.7 0.001 85.7 0.001 61.5 
3500 0.084 -159.7 | 2.993 814 9.5 0.002 1247 0.004 56.2 
4000 0.079 -168.2 2.968 69.2 9.4 0.001 99.4 0.118 481 
4500 0.073 -176.4 2.948 56.8 9.4 0.001 90.8 0.144 38.8 
5000 0.065 176.6 2.939 444 94 0.002 74.2 0.162 28.1 
5500 0.055 171.5 2.945 31.8 94 0.002 66.3 0.174 17.3 
6000 0.044 170.0 2.934 19.0 9.3 0.002 52.0 0.187 7.2 
6500 0.033 178.1 2.950 6.2 9.4 0.003 58.7 0.181 -4.9 
7000 0.029 -168.6 2.944 -7.2 9.4 0.002 -4.3 0.186 -12.4 
7500 0.032 -148.2 2.941 -205 9.4 0.001 10.7 0.180 -21.7 

8000 | 0.041  -137.2 2.936 -33.8 9.4 0.002 42.9 0.162 -31.0 
8500 | 0.055 -139.7 2.992 -47.4 9.3 0.002 2.5 0.155 -38.3 
9000 0.066 -145.2 2.906 -60.7 9.3 0.003 -18.6 0.141 -51.4 
9500 0.074 -150.9 2.889 -74.1 9.2 0.003 -24.4 0.116 -65.5 
10000 0.077 -158.6 2.873 -87.6 9.2 | 0.003 -45.8 0.089 -791 
10500 0.078 -166.3 2.860 -1009 9.1 0.003 -42.7 | 0.056  -95.1 
11000 0.074 -174.3 2.849 -114.2 9.1 0.004 -61.4 0.022 -129.3 
11500 0.007 178.8 2.848 -127.8 91 0.004 -78.9 0.025 1148 
12000 | 0.057 176.4 2.851 -1416 9.1 0.005 -70.2 0.056 84.3 

_ 12500 0.043 -175.7 2.839 -1556 9.1 0.005 -83.4 0.089 65.6 
13000 0.037 -157.2 2.824 -1697 9.0 0.006 -98.4 0.118 148.3 
13500 0.044 -133.9 2.805 1761 9.0 0.006 -116.2 0.149 34.1 
14000 . | 0.062 -124.8 2.119 1617 89 | 0.007  -119.5 0.171 214 
14500 0.087 -127.2 2.744 1474 88 0.009 -144.0 0.186 10.5 
15000 0.110 -134.4 2.706 133.1 8.6 0.008 -162.7 0.194 -2.2 
15500 0.131 -142.7 2.653 1189 8.5 0.008 -170.1 0.196 -14.4 
16000 0.148 -151.8 2.608 1048 8.3 0.007 177.0 0.193 -26.8 
16500 0.159 -161.1 2.567 90.8 8.2 0.008 159.1 0.187 -38.4 
17000 0.162 -171.1 2.530 768 8.1 0.007 151.5 0.171 -50.3 
17500 0.162 178.2 2.501 629 8.0 0.007 1317 0.149 -62.9 
18000 0.150 168.0 2.486 488 1.9 0.007 131.2 0.123  -72.7 
18500 0.133 159.1 2.478 34.7 79 0.007 121.1 0.093 -84.5 
19000 0.108 151.9 2.484 20.0 7.9 0.008 107.4 0.059 -98.0 
19500 0.079 151.1 2.492 52 79 0.008 95.1 0.026 -104.2 
20000 0.048 169.3 2.495  -104 79 0.010 85.3 0.015 218 
20500 0.054 -146.1 2.4490 -265 17.9 0.012 67.5 0.054 26.7 
21000 0.089 -136.8 2470 -42.7 7.9 0.014 48.9 0.094 16.7 
21500 0.124 -139.1 2442 -59.1 7.8 0.012 31.7 0.127 4.6 
22000 0.159 -145.9 2.084 -75.8 7.5 0.013 15.1 0.156 -9.8 








Voo Е OUTPUT 


AUXILIARY | | 
RAIN 


RF INPUT RF OUTPUT 


RF INPUT [ | B AUXILIARY 


— < «қызын» q m Qa s «жымы» «жын» s os 9 - 


SEVEN IDENTICAL STAGES 
SINGLE STAGE SHOWN 





Figure 1. Simplified Schematic. Figure 2. Suggested Bias 


Configuration. 


E 9.0 с 
= : w LL LLLI = ПП 
š š. s ШШЩ 
: : НИШ РЕ] 
о 7.0 
6.0 | | 
2 4 6 8 10 12 14 16 18 20 22 





FREQUENCY (GHz) FREQUENCY (GHz) Е FREQUENCY (GHz) 
Figure 3. Typical Output Power at Figure 4. Typical Gain Response vs. Figure 5. Typical Noise Figure vs. | 


1 dB Gain Compression vs. | Frequency at T, = 25*C. | Frequency at T, = 25°С (V, = 7 V, 
_ Frequency. I, = 150 mA, Frequency = 18 GHz). 
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Amplifiers 
Technical Data 


Features 


ө Superior Bandwidth: 
2-26.5 GHz 

е Low VSWR: «1.5:1 
е Flat Gain Response: +1 dB 
e High Gain: >8.5 dB 
e Gain Control: 30 dB Range 
° High P, 

19 dBm at 22 GHz 

15 dBm at 26.5 GHz 


Description 

The HMMC-5022 and the 
HMMC-5026 GaAs MMIC 
amplifiers are designed for high 
gain and excellent input and 
output match to 50 ohms over 
the full specified band. This 
bandwidth is achieved through 
the use of 7 MESFET cascode 
gain stages. Advanced MBE 
technology, TiPtAu metalliza- 
tion, silicon nitride passivation, 
and polyimide scratch protection 
combine for superior perform- 
ance and reliability. The back- 
side of the chip is RF and DC 
ground. It is recommended that 
the RF input and output connec- 
tions be made using a gold wire 
mesh. 


Absolute Maximum Ratings, T, 
Symbol | 


жон! TO "Гитин 
Уш [быв [eo o ін 
ми 


83. анас 
БЕРЕН 
КІСЕ 

Maximum Assembly Temperature 
ku ны 
| li |P 
i 


е DC Power Dissipation 


*Operation in excess of any one of these conditions may result in permanent damage 
to this device. 


GaAs MMIC Traveling Wave 


HMMC-5022 (2-22 GHz) 
HMMC-5026 (2-26.5 GHz) 

















НІ 
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EL | Усзв 
aj 


НІ 
hipped зек зен зен нен оно t 





ІЗ 4 555 
БЕС Бадана ыны $ 
4 75 |. ав 


. 50 
ALL DIMENSIONS IN MICRONS 
RECTANGULAR PAD DIMENSIONS: 75 x 75 um | 690 | 
OCTAGONAL PAD DIMENSIONS: 90 ит DIA. 
CHIP THICKNESS: 120 - 140 um 





Outline Drawing 









Tait 








| Tus | 2nd Gate Bias | -2 | + 





саз Operating Channel Temperature | -55 - 150 
Storage Temperature 








= 
‘Drain Supply Current (| — 
Gate Carret | _ 

LE 
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not attempt to apply bias to 
these pads). The second gate 


Applications 
The HMMC-5022 and HMMC- 


5026 are designed for use as gain 790 be used to obtain 30dB 
blocks in ECM, EW, radar, and (typical) dynamic TANGE control. 
communication systems. They The auxiliary gate, auxiliary 


drain, and second gate should 


ideally suited for wi 
are ideally suited for wideband be left open when not in use. 


applications requiring very flat 


ain response. 
Par response Figure 2 shows a suggested bias 


schematic. À bypass capacitor 
C1 (>50 pF) and series inductor 
L1 (24 nH) are required for the 
drain supply connection. DC 
blocking capacitors C2 and C3 
are >50 pF. V,,, should be 
applied prior to Ур Vag can 


Operation 

These amplifiers are biased with 
a single drain supply, V,,, and a 
single gate supply, V... (see 
Figure 1). The auxiliary gate and 
auxiliary drain can be used for 
extended low frequency re- then be adjusted to set T, to the 


sponse, however, proper external desired current (typ -0.3 "V for 
bypass circuitry is required (do I, - 150 mA). 


Assembly Techniques 
Solder die attach using a AuSn 
solder preform is recommended. 
Gold thermosonic wedge 
bonding is recommended for all 
bonds. The top and bottom 
metallization is gold. Other 
assembly methods may also be 
used. For more detailed infor- 
mation see HP application note 
#999 "GaAs MMIC Assembly 
and Handling Guidelines." 





GaAs MMICs are ESD sensitive. 
Proper precautions should be 
used when handling these 
devices. 





RF Electrical Specifications, Т, = 25°C, У, = 7 V, Ij = 150 mA or 1, (whichever is less), 


Z, = 90 ohms 





Parameters 


— 


Guaranteed Operating Bandwidth | 
| Small Signal Gain 


IS, к 


И. 


ГЕ: 
X 











E IS, Small Signal Gain Flatness 
zt m | Ошри Power at 15 21 | 
1 dB Compression, f = 2 GHz | | 
P Output Power at | 15 19 
1 dB Compression, f - 22 GHz | 
P Output Power at 





| 1 dB Compression, f = 26.5 GHz 


| Input Return Loss 
oe Return Loss 


gant: Harmonic Level, 
P = 17 dBm, f= 6 GHz ` 


pa Harmonic Level, 
= 17 dBm, f = 6 GHz 


2 ті Order Intercept Point 
f = 6 GHz 

3rd Order Intercept Point, 
f=6 GHz 


18, 1! 
15.2 ! 
IS, 212 


ка | ма 





© 
= 


со 


-20 





| © | co] = |ы 
| S ha 
һа |= | 
ка 
© 
© 
с. | Qa 
= | 9 


е. [ е. | 
BB 


DC Electrical Specifications, T, = 25°С, 


Saturated Drain Current, 
Vi = 7 V, Veg 20V. 


_ Ons Thermal Resistance, Channel to 
x Substrate (at 116°C) | | 


НММС-5022 (2-22 GHz), HMMC-5026 (2-26 GHz) 









| HMMC-5022 ` 5022 


[hn [| о Units 


HMMC-5026 . 





Typical S-Parameters, T, = 25°C, У =7V, I, - 150 mA or € (whichever is less) 


Frequency 
Mag м dB Mag 


3.416 





S21 


3.200 


3.198 


. 3.155 


3.135 
3.126 


_ 3.122 
. 8.125 


3.134 
3.146 


3.161 


3.171 
3.166 


3.166 


3.161 


3.141 


3.125 
3.105 
3.077 


1282 
118.6 
107.7 
96.3 
84.4 
72.4 
60.2 
41.8 


_ 35.3 
22.6 


9.6 
-3.4 


-16.7 
-29.9 


-43.2 
-56.6 
-70.0 
-83.3 
-96.6 


i rT "ты а 


3.060 -109.9 
3.042 -123.2 
3.028 -136.5 
3.017 -149.9 
3.010 -163.4 
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HMMC-5022 (2-22 GHz), HMMC-5026 (2-26 GHz), continued . 
Typical S-Parameters, T, = 25°C, Vy, = 7 V, I, = 150 mA or I ss (whichever is less) 


ви | | |]. 622 | 
|. (MHz © Mag. Ang. | | ER Ang. | Mag. Ang. 


13500 _ 
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| Vool | | ace es o oo- — - = RF OUTPUT 


| 

| 

AUXILIARY DRAIN] | | | | 
| | 

| 

| 

| 


| | AUXILIARY GATE 





| |Vac 
SEVEN IDENTICAL STAGES 
SINGLE STAGE SHOWN 


Figure 1. Simplified Schematic. 








Е 
со 
= 

a ~ 

z 5 

е 2 

= < 

RF INPUT RF OUTPUT 2 © 
o— E 
C2 о 

Vec 15 65 1445 165 215 265 
FREQUENCY (GHz) FREQUENCY (GHz) 


Figure 2. Suggested Bias Configura- Figure 3. Typical Output Power at 1 Figure 4. Typical Gain Response vs. 
tion. dB Gain Compression vs. Fre- Frequency at Three Temperatures. 
quency. 
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GAIN (dB) 





FREQUENCY (GHz) 


Figure 5. Typical Gain Response vs. 


. Frequency at Five Different 


Settings of I, and V, = 7 V. 


NOISE FIGURE (dB) 


ТИПЕ III 
ot E LLLLUL E LLL 
ot | ||| amse | LIII 





109 1010 1011 
FREQUENCY (GHz) 
Figure 6. Typical Noise Figure vs. 
Frequency at Five Different 


Temperatures (V, = 7 V, T, = 150 
mA, Frequency = 18 GHz). 
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NOISE FIGURE (dB) 


! 0 
00 20 40 60 80 100 120 140 160 180 200 
DRAIN CURRENT (тА) 


Figure 7. Typical Noise Figure and 
Gain vs. Drain Curent (У, = 7 V, 


Frequency = 18 GHz) ` 





GAIN (dB) 


О аы | MGA-61000 





PACKARD | | | 2-18 GHz Cascadable 
E E | GaAs MMIC Amplifier 
Features — РЕ Chip Outline 


Cascadable 50 © Gain Block | 
e Broadband Performance: 2-18 GHz 


4 


7.0 dB typical Gain (Backside 
+ 0.5 dB typical Gain Flatness Contact) 
е 14.0 dBm typical Р: ав at 18 GHz 
е Single Supply Bias . 
Description 


The MGA-61000 is a high performance gallium arsenide 
Monolithic Microwave Integrated Circuit (MMIC) chip 
designed for use as a broadband high frequency gain stage 
in industrial and military applications. 


This MMIC is a distributed amplifier utilizing dual gate FETs, 
resulting in a fully matched gain block useful in the 2 to 18 
GHz frequency range. An external self-bias source resistor 
allows for bias flexibility from a single positive power supply. 





The die is fabricated using HP's nominal 0.3 micron recessed 
Schottky-barrier-gate, gold metallization, and silicon nitride 
passivation to achieve excellent performance, uniformity, 
and reliability. | 


Chip Schematic 


TYPICAL POWER GAIN vs. FREQUENCY AND CURRENT 
ТА = 25°С, Vg = 5 V 


АЛШЫ ЕСШ 
КОТЛА 
РЕ 
lg = 60 тА | 
| | _ 10.0 


2.0 ^. 6.0 14.0 18.0 






Биш 
RF ІМ 


Gp, dB 
~ 
© 


e 32 


SOURCE SOURCE 





Frequency, GHz 


Electrical Specifications, TA = 25°С 





Parameters and Test Conditions: Vd = 5 V: Zo = 500 ` 
Power Gain (152112) f = 2 to 18 GHz. 
Gain Flatness | f=2 to 18 GHz 








| Input VSWR С f = 2 to 18 GHz ЖАШЫ 
VSWR | — 
Output VSWR | f=2to 18 GHz ` NEUE 
Reverse Isolation (152112 : f = 2 to 18 GHz | dB 
50 Q Noise Figure f221018GHz —— | dB - 


< 


ШІН 















Р1 dB Output Power @ 1 dB Gain Compression f = 2 to 18 GHz р o o 
| Vd=6V A : AE 
_ Third Order Intercept Point Vd = 6 V, f= 18 GHz | dim | | од) 2. 


| DevceCuret р m. | 6 | 80 | t 


: 1. RF performance is determined by assembling and testing 10 devices per wafer. 


c 
о 
=> 
Ф 
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MGA-61000 
GaAs MMIC Amplifier 


Absolute Maximum Ratings EI | Part Number Ordering Information 


Absolute 


Device Voltage 70У 


MGA-61000-GPO 1 










MGA-61000-GP2 10 




















Total Power Dissipation? ` 600 mW *  MGA-61000-GP6 | — Upto300 
CW RF Input Power +20 dBm 

Channel Temperature 175°C 

Storage Temperature —65°С to +175°C Typical Performance 


POWER GAIN vs. FREQUENCY AND TEMPERATURE 
i d =5V, 1Та= 80 mA . 





Notes: 
1. Operation of this бие above any one of these parameters 














may cause permanent damage. 5 
2. Derate linearly at 16.7 mW/°C for ТА > 139°С. = S 
3. The small spot size of this technique results in a higher, though 
more accurate determination of Өјс than do alternate methods. 
See MEASUREMENTS section for more information. 
| | 5.5 
20 10.0 140 . 18.0 
| "P рен Frequency, GHz (02 
POWER OUTPUT 8 1 dB GAIN COMPRESSION | _ POWER OUTPUT @ 1 dB GAIN COMPRESSION ` 
. vs. FREQUENCY AND CURRENT vs. FREQUENCY AND TEMPERATURE | 
Vg = 6 V, ТА = +25°С Уд=6 У,14= 80 тА ` 
Е Е 
$ $ 
@ @ 
© 9 
d. d. 
2.0 6.0 100 140 18.0 2.0 6.0 10.0 14.0 18.0 
Frequency, GHz Frequency, GHz 
NOISE FIGURE vs. FREQUENCY AND CURRENT NOISE FIGURE vs. FREQUENCY AND TEMPERATURE 
Vg 25V, ТА = 25°С | | Vq55V, 142 80 тА 
9 
8 
| 7 
9 ° 
№ ш: 78 
<= ғ 
5 
4 
2.0 6.0 10.0 14.0 18.0 2.0 6.0 10.0 14.0 18.0 
Frequency, GHz | | _ Frequency, GHz 
P VAS е е кек na 
Typical Scattering Parameters: Zo = 50 О ТА = 25°С, Va = 5 V, la = 80 mA 
Freq. St — S 02 a l ES Sz 
GHz Mag Ang dB Mag Ang ` dB Mag Ang Маа Апа 
20 415 143 74 2.36 145 — -37.9 | оз 59 25 -130 
3.0 14 138 7.2 2.28 124 -35.4 017 56 17 -163 
4.0 15 134 6.9 2.22 105 -34.0 020 47 14 165 
5.0 16 126 6.8 2.19 86 2 3933 022 39 13 137 
6.0 16 118 6.8 2.18 68 -33.4 021 31 12 113 
7.0 16 111 6.8 2.20 50. -34.0 020 24 11 88 
8.0 16 106 6.9 2.22 32 -35.0 018 20 10 64 
9.0 15 103 7.0 2.25 _ 13 -36.5 015 15 10 39 
10.0 15 105 7.2 2.30 -6 -38.4 012 16 10 17 
11.0 17 106 7.4 2.34 —27 -38.8 011 21 09 3 
12.0 19 104 7.4 2.36 -48 -38.0 013 19 07 -3 
13.0 22 98 7.4 2.35 -68 -36.5 015 10 06 19 
14.0 24 90 7.6 2.39 -88 —34.1 020 -10 08 46 
15.0 26 77 7.4 2.36 —111 ` -31.0 028 -35 15 51 
16.0 24 62 7.0 2.26 -133 —28.5 037 —67 21 41 
17.0 19 52 6.8 2.20 —154 —26.9 045 -94 24 31 
18.0 09 64 7.0 2.26 -173 —28.2 039 -122 24 39 


MGA-61000 
GaAs MMIC Е 





Typical Biasing Configuration | Substrate Bonding Diagram 


Vias to ground 


. Bond wires separated . | . A Bond wires separated 
and as short as possible and as short as possible 


Two separate source | B | | 4 turns 
bonds required; | м 1 mil wire 
length not critical а _ в. 


РЫР ате 


Select for device 
current of 60-100 mA 





EXTERNAL ELEMENTS REQUIRED: 


Source Resistor Array (Rs): Select resistor for device current of 60-100 mA (11 Q nominal). 
Input and Output DC Blocking Capacitors: 45 pF typical. 

RF Choke Network and Bypass Capacitor: 4 turns 1 mil wire; 45 pF capacitor typical. 

Input and Output RF Transmission Lines: 50 9 typical. 





RECOMMENDED DIE ATTACH PROCEDURE RECOMMENDED WEDGE BONDING PROCEDURE 

1. Die attach should be performed under an inert atmosphere of 1. Set heater block temperature to 260 + 10°C (If the wedge is 
either nitrogen or forming gas. heated, the heater block temperature should be lowered 

2. Setheater block temperature to 300 + 10°С. slightly from this setting. The exact setting will need to be 

3. Place circuit on heater block and heat thoroughly; typically determined empirically, and will vary from machine to 


5 - 15 seconds. machine). 

4. Place Au-Sn preform on circuit in die attach location, using 2. Use prestressed (annealed). gold wire of:.0007 or .001 ` 
sufficient quantity to ensure — and to produce a fillet | inches diameter. | | 

.  aroundthe die. — | — -. 8.. Tip bonding pressure should be between 15 and 20 grams, 

5. Using sharp tweezers, pickup the die and orient it properly on... ` and should not exceed 20 grams. The footprint left by the wire 
the circuit. — | should be between 1.5 and 2.5 wire diameters across. 

6. Scrub the die into the preform with a back-and-forth motion — 4. Proceed with bonding according to machine instructions. 
taking care not to scratch the top surface of the chip. Continue - Bonds should be made from the circuit to the chip bonding 
until wetting occurs; normally within 3 to 4 scrubs. | pads to minimize the potential for pad damage. Bonds should 

27. Wetting should occur on 100% of the chip perimeter to "m a be made to the source (common) and drain (output) pads of 
visible fillet around the die. the MMIC before bonding to the gate (input pad to minimize 
.8. Remove the circuit from the heater block and allow it to coolin — the potential for ESD бетерә, 


air. Total time for die attach should be less than 10 seconds. 


CAUTION: This device makes use of GaAs FET devices with very small gate geometries. Such devices are subject to 
damage by electro-static discharge (ESD), and must only be handled by properly grounded personnel working а. 
grounded assembly stations. 
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[usw MGA-61100 





PACKARD | — | x 6-18 GHz Cascadable 
x ai | | GaAs MMIC Amplifier | 
Features B .. Chip Outline 


е Cascadable 50 О бат Block . 
e Broadband Performance: 6-18 GHz , 
| 7.0 dB typical Gain | | _ 4 Backside 
+ 0.5 dB typical Gain Flatnes | Contact) 
° 14.0 dBm typical P: ap at 18 GHz 
е Single Supply Bias | 


Description 


The MGA-61100 is a high performance gallium arsenide 
Monolithic Microwave Integrated Circuit (MMIC) chip 
designed for use as a broadband high frequency gain stage 
in industrial and military applications. | | 


This MMIC is a distributed amplifier utilizing dual gate FETs, 
resulting in a fully matched gain block useful in the 6 to 18 
GHz frequency range. An external self-bias source resistor 
allows for bias flexibility from a single positive power supply. 





The die is fabricated using HP's nominal .3 micron recessed 
Schottky-barrier-gate, gold metallization, and silicon nitride 
passivation to achieve excellent performance, uniformity, 
and reliability. 


TYPICAL POWER GAIN vs. FREQUENCY AND CURRENT 
ТА = 25°C, Vg = 5 V, 


Gp, dB 





Frequency, GHz 


Electrical Specifications, TA = 25°С 


1 

d | 
9 | 
96 





Parameters апа Test Conditions: Vd - 5 V; Zo =500 


N he. 
> | 








Power Gain (152112) | f=6 to 18 GHz. 
_ Gain Flatness = | f= 6 to 18 GHz 7 
| InputVSWR ` | | f = 6 to 18 GH 
^vewhR | pu 6 to 18 GHz 
Output VSWR | f=6 to 18 GHz 









Reverse Isolation (IS211? f = 6 to 18 GHz 


NF 50 Q Noise Figure ` | f 26to 18 GHz 


P1 ав Output Power @ 1 dB Gain Compression f = 6 to 18 GHz 
Vad=6V 
Third Order Intercept Point Vd = 6 V, f = 18 GHz 








Device Current — 
1. RF performance is determined by assembling and testing 10 devices per wafer. 


|: 


c 
© 
grade 
o 
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Absolute Maximum Ratings 






Parameter 















- Device Voltage u |. 10V. 

Total Power Dissipation? - 2 600 mW 

_ CW ВЕ Input Power . +20 dBm 
Channel Temperature 176°C = 
. —65°С to +175°C. 


Storage Temperature ^ — 


М i 


| Absolute 
o Maximum! 
















Notes: EX "T 
1. Operation of this.device above any опе of these parameters 
_ may cause permanent damage. ..— | m 


1 . 


2. Derate linearly at 16.7 mW/°C for TA > 139°C. 
3 


. The small spot size of this technique results in a higher, though 


more accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section for more information. mE 


POWER OUTPUT @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY AND CURRENT 


Ма 56V, ТА = +25°С 








Е 
tn 
© 
@ 
© 
> 
а. 
6.0 10.0 14.0 18.0 
Frequency, GHz e 
. NOISE FIGURE vs. FREQUENCY AND CURRENT 
Уа = 5 V, ТА = 25°С 
8 
7 ; 
а 
9 
ш 6 
2 
5 
4% 
6.0 10.0 14.0 _ 18.0 


Typical Scattering Parameters: Zo = 50 © 








|  PartNumber | Devices Per Tray 


MGA-61100 
GaAs MMIC Amplifier 


Part Number Ordering Information 






MGA-61100-GPO- 
MGA-61100-GP2 
MGA-61100-GP6 






1 
10 
Up to 300 


Typical Performance 


POWER GAIN vs. FREQUENCY AND TEMPERATURE 








m 
© 
а. 
б 
6.0 10.0 14.0 18.0 
Frequency, GHz 
POWER OUTPUT @ 1 dB GAIN COMPRESSION 
vs. FREQUENCY AND TEMPERATURE 
Уа = 6 У, ld = 80mA 
И тн 
8 15 — 
s —— x 
à 14 | 
* qu ТА = +25°С ` 
11 
6.0 10.0 14.0 18.0 
Frequency, GHz 
NOISE FIGURE vs. FREQUENCY AND TEMPERATURE 
| u Уа =5 У, Ід = 80 mA mE 
а 
© 
ш 
2 


ТА = +25°С 


iwa... 











F S11 S21 
GHz Mag Ang dB Mag Ang 
6.0 .16 118. 6.8 2:18 68 
70 — “.16 111 ^ 6.8 2.20 50 
8.0: .16 106 . 6.9 ‚ 2.22 32 
90. .15 .103 7.0 © 2.25 13 
10.0 15 105 7.2 2.30. -6 
11.0 .17 106 7.4 2.34 —27 
12.0 .19 104 7.4 2.36 —48 
13.0 .22 98 7.4 2.35 —68 
14.0 .24 90 7.6 2.39 —88 
15.0 426. 77 7.4 2.36 | -111 
16.0 24 — 6 7.0. 2.26 —133 ` 
17.0 .19 52 6.8 2.20 —154 
18.0 .09 64 7.0 2.26 —173 
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6.0 10.0 7 140 18.0 
Frequency, GHz | 
TA = 25°C, Va = 5 V, la = 80 mA 
S12 S 
dB _ Mag Ang Мад - Ang 

`_33.4 .021 31 .12 113 
34.0 .020 24 41. 88 
-35.0 018 20 210. 64 
—36.5 .015 15 210 39 
-38.4 _ 012 _ 16 .10 17 
—38.8 .011 21 :.09 3 
-38.0 013 19 07 -3 
-36.5 „015 10 .06 19 
—34.1 .020 -10 08 46 
—31.0 028 —35 .15 | 51 
—28.5 .037 —67 21. 41 
-26.9 045 -94 .24 31 
—28.2 .039 —122 24 39 


MGA-61100 
GaAs MMIC Amplifier 


Typical Biasing Configuration | . Substrate Bonding Diagram 


Vias to ground 


Bond wires separated | Bond wires separated 
and as short as possible | and as non as pore 


Two separate source 
bonds required; 
. length not critical 


So resistor array 
TT nominal | 


Select for device 
current of 60-100 mA 





EXTERNAL ELEMENTS REQUIRED: 


ө Source Resistor Array (Rs): Select resistor for device current of 60-100 mA (11 Q nominal). 
e Input and Output DC Blocking Capacitors: 45 pF typical. 

е RF Choke Network and Bypass Capacitor: 4 turns 1 mil wire; 45 pF capacitor typical. 
ә Input and Output RF Transmission Lines: 50 typical. 

RECOMMENDED DIE ATTACH PROCEDURE RECOMMENDED WEDGE BONDING PROCEDURE 

1. Die attach should be performed under an inert atmosphere of 1. Setheater block temperature to 260 + 10°С (If the wedge is 
either nitrogen or forming gas. heated, the heater block temperature should be lowered 

2. Setheater block temperature to 300 + 10°С. slightly from this setting. The exact setting will need to be 

3. Place circuit on heater block and heat thoroughly; typically determined empirically, and will — from machine to 
5 - 15 seconds. machine). 

4. Place Au-Sn preform on circuit in die attach location, using 2. Use prestressed (annealed) gold wire of .0007 or .001 

| sufficient quantity to ensure wetting and to produce a fillet inches diameter. 
around the die. 3. Tip bonding pressure should be between 15 and 20 grams, 

5. Using sharp tweezers, die the die and orient it properly on and should not exceed 20 grams. The footprint left by the wire 
the circuit. should be between 1.5 and 2.5 wire diameters across. 

6. Scrub the die into the preform with a back-and-forth motion 4. Proceed with bonding according to machine instructions. 
taking care not to scratch the top surface of the chip. Continue Bonds should be made from the circuit to the chip bonding 
until wetting occurs; normally within 3 to 4 scrubs. pads to minimize the potential for pad damage. Bonds should 

7. Wetting should occur on 10096 of the chip perimeter to ыш а be made to the source (соттоп) and drain (output) pads of 
visible fillet around the die. the MMIC before bonding to the gate (input) pad to minimize 

8. Remove the circuit from the heater block and allow it to cool in the potential for ESD damage. 


air. Total time for die attach should be less than 10 seconds. 


CAUTION: This device makes use of GaAs FET devices with very small gate geometries. Such devices are subject to 
damage by electro-static discharge (ESD), and must only be handled by properly grounded personnel working at 
grounded assembly stations. 
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MGA-62100 


Ap ЫЕ a _ Low Noise 
O тааны m GaAs MMIC Amplifier | 





Features | | Chip Outline 


e Output Matched 2 Stage FET Cascade 
e Broadband Performance: 2 - 14 GHz | 
° Low Noise Figure (50 Q): mE i 


(Backside 


2.5 dB typical at 4 GHz Pit жен 
5.0 dB typical at 14 GHz 


8.5 dB typical Gain at 14 GHz | Е T (0 
Single Supply Bias | || Ш | | 


Description 


The MGA-62100 is a high "— gallium arsenide | 
Monolithic Microwave Integrated Circuit (MMIC) chip 

designed for use as a broadband high frequency gain stage 

in industrial. and military applications in the 2 to 14 GHz 

frequency band. 


This MMIC consists of a two FET cascade with feedback 
around the output stage to yield and output matched 
structure. Flexibility is maintained by having the input match 
provided externally by the user. AC grounded sources and 
an internal resistive network allow for biasing from a single 
positive power supply. The source grounding capacitor for 
the input stage is an external element to allow for extended 
low frequency performance. VAND DC | 


The die is fabricated using HP's nominal .3 micron recessed mE TA -ө- O 3 
Schottky-barrier-gate, gold metallization, and silicon nitride 
passivation to achieve excellent performance, uniformity, 
and reliability. 








* This capacitor is an off-chip element selected by the user to set 
lower frequency performance. 
Electrical Specifications, TA = 25°С 
Parameters and Test Conditions: Vd =8V, Zo = 500 
Power Gain (152112) 


NF 50 Q Noise Figure 


Output Power Q 1 dB Gain Compression 


P1 ав 








VSWR Output VSWR 


Reverse Isolation € f=2to14GHz_ | dB | зо | —— 
| Device Current м5 [| e | во 





Note 1. RF performance is determined by assembling and testing 10 devices per wafer. 
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MGA-62100 
GaAs MMIC Amplifier 


Absolute Maximum Ratings 


Absolute 


. Device Voltage | i . 10.0V 


Part Number Ordering Information 


Part Number Devices Per Tray 





































Total Power Dissipation? 640 mW MGA-62100-GPO 1 

CW RF Input Power +14 dBm MGA-62100-GP2 10 
Channel Temperature 175°С 

Storage Temperature —65°С to 175°С МСА-62100-СРб_ _Up to 300 





Notes: 


1. Operation of this device above any one of these parameters 
may Cause permanent damage. | 
2. Derate linearly at 10 mW/°C for ТА > 111°C. 


3. The small spot size of this technique results in a higher, though 
more accurate determination of Өјс than do alternate methods. 
See MEASUREMENTS section for more information. 


Typical Performance, TA = 25*C 


(unless otherwise noted) 


50 52 NOISE FIGURE vs. FREQUENCY AND TEMPERATURE | 




















8 
7 
m 6 
3 
u 5 
2. 
G 4 
9 
2 
1: 
Frequency, GHz 
OUTPUT POWER @ 1 dB GAIN COMPRESSION vs. 
POWER GAIN vs. FREQUENCY AND TEMPERATURE FREQUENCY AND TEMPERATURE | 
16 
Е 
m S 
a a 
ЕС UO 
d 
Frequency, GHz Frequency, GHz 
Typical Scattering Parameters: Zo = 50 О ТА = 25°С, Ма = 8 V 
Freq "ES. UN LM $12 | $22 ` 
GHz Mag Ang | dB . Мад Ang | dB Мад _ Ang Мад _ Ang 
2.0 .85 —41 16.2 6.42 —46 —39.1 „011 49 .14 —177 
3.0 .79 —56 15.4 5.91 —78 —37.4 „013 57 .16 126 
4.0 .70 -75 14.3 5.19 -111 -36.3 015 66 .20 96 
5.0 .62 —94 12.9 4.40: —139 —35.5 .017 66 .23 81 
6.0 .58 —109 11.6 3.80 —162 —35.5 .017 69 .24 72 
7.0 55 —123 10.7 3.41 _ 175 —34.8 .018 75 .22 66 
8.0 52 —132 9.9 3.11 159 —34.5 .019 83 .20 61 
9.0 .50 —146 9.2 2.89 140 —34.1 .020 85 17 47 
10.0 „50 —159 9.0 2.80 120 —33.5 .021 86 .16 30 
11.0 .49 —175 8.9 2.78 98 —33.1 .022 . 80 .17 18 
12.0 53 164 8.8 2.76 | 75 —33.2 .022 69 .16 18 
13.0 .62 147 8.8 2.76 50 —33.6 .021 48 .12 41 
14.0 71 139 8.7 2.73 29 —35.1 .018 21 15 98 
15.0 .75 124 8.2 2.56 -3 —35.6 .017 —26 33 109 
16.0 .75 111 6.4 2.09 -39 -34.6 „019 —76 53 98 
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Typical Biasing Configuration 


С bypass 


Pr 


C plock 


RFC 


т C bypass = 45 pF 


EXTERNAL ELEMENTS REQUIRED: 


Source Bypass Capacitor: 45 pF typical 





OPTIONAL EXTERNAL ELEMENTS/SPECIAL USE: 


МСА-62100 
GaAs MMIC Amplifier 





Substrate Bonding Diagram 


Blocking 


Blocking | 
Capacitor 


Capacitor 


bond wire 
as short as 
possible 


bond wires 

as short as 

possible 
Bypass 
Capacitor 


Input and Output DC Blocking Capacitors: 45 pF typical 
RF Choke Network and Bypass Capacitor: 4 turns 1 mil wire; 45 pF typical 
Input and Output RF Transmission Lines: 50 Q typical 


е Input Impedance Matching Network: Device guarantees and typical performance are with а 50 О 
generator impedance. Input matching can be used with the MMIC, either to improve noise 
figure slightly in a narrow band of operation, or to improve the input VSWR and increase the gain 


at the cost of some loss in noise figure. 


RECOMMENDED DIE ATTACH PROCEDURE 


d 


E 
3. 


Die attach should be performed under an inert atmosphere of 
either nitrogen or forming gas. 

Set heater block temperature to 300 + 10°C. 

Place circuit on heater block and heat thoroughly; typically 

5 - 15 seconds. 

Place Au-Sn preform on circuit in die attach location, using 
sufficient quantity to ensure wetting and to produce a fillet 
around the die. 

Using sharp tweezers, pickup the die and orient it properly on 
the circuit. 

Scrub the die into the preform with a back-and-forth motion 
taking care not to scratch the top surface of the chip. Continue 
until wetting occurs; normally within 3 to 4 scrubs. 

Wetting should occur on 100% of the chip perimeter to form a 
visible fillet around the die. 

Remove the circuit from the heater block and allow it to cool in 
air. Total time for die attach should be less than 10 seconds. 


RECOMMENDED WEDGE BONDING PROCEDURE 


h 


Set heater block temperature to 260 + 10?C (If the wedge is 
heated, the heater block temperature should be lowered 
slightly from this setting. The exact setting will need to be 
determined empirically, and will vary from machine to 
machine). 


Use prestressed (annealed) gold wire of .0007 or .001 
inches diameter. 


Tip bonding pressure should be between 15 and 20 grams, 
and should not exceed 20 grams. The footprint left by the wire 
should be between 1.5 and 2.5 wire diameters across. 


Proceed with bonding according to machine instructions. 
Bonds should be made from the circuit to the chip bonding 
pads to minimize the potential for pad damage. Bonds should 
be made to the source (common) and drain (output) pads of 
the MMIC before bonding to the gate (input) pad to minimize 
the potential for ESD damage. 


CAUTION: This device makes use of GaAs FET devices with very small gate geometries. Such devices are subject to 
damage by electro-static discharge (ESD), and must only be handled by properly grounded personnel working at 


grounded assembly stations. 
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4 | MGA-63100 
DU) DE | | AI Medium Power 


2 Stage GaAs FET Cascade 








Features | Chip Outline 


e Unmatched 2 Stage FET Cascade | 
е High Output Power: 2,4 
22 dBm typical Р: ав at 14 GHz 5 


е High Gain: | | 
10.5 dB typical Gi ae at 14 GHz 
e Single Supply Bias 


Description 





The MGA-63100 is a high performance gallium arsenide 
Monolithic Microwave Integrated Circuit (MMIC) chip 
designed for use as a broadband high frequency gain stage 
in industrial and military applications. 


This MMIC uses a cascade of two FET pairs to yield a device 
with higher gain and higher input impedance than a 
conventional discrete FET. AC grounded sources and an 
internal resistive network allow for biasing from a single 
positive power supply. 


The die is fabricated using HP’s nominal .3 micron recessed 
Schottky-barrier-gate, gold metallization, and silicon nitride 
passivation to achieve excellent performance, uniformity, 
and reliability. 


Chip Schematic 





Electrical Specifications, Ta = 25°C 
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MGA-63100 
2 Stage GaAs FET Cascade 





Absolute Maximum Ratings 


| = Absolute 


Device Voltage | 12.0 V 







Part Number Ordering Information 


| Part Number | Devices Per Tray | 































Total Power Dissipation? 2.0 W 
CW RF Input Power +25 dBm ы ыы aa M 
Channel Temperature 175°С Ë | 

—65°C to —175?C MGA-63100-GP6 Up to 300 


Storage Temperature 





1. Operation of this device above any one of these parameters т Typical Performance, ТА = 259C 
may cause permanent damage. | (unless otherwise noted) | 
2. Derate linearly at 30 mW/°C for TA > 109°C. 
3. The small spot size of this technique results in a higher, though 
more accurate determination of Өс than do alternate methods. 
See MEASUREMENTS section for more information. 


OUTPUT POWER @ 1 dB COMPRESSION 
1 dB COMPRESSED GAIN vs. FREQUENCY vs. FREQUENCY 


Ма = 10V Уа = 10V 














Ф g 

9 c 
Frequency, GHz | - Frequency, GHz ` 
* INSERTION POWER GAIN, MAXIMUM AVAILABLE GAIN 
OUTPUT POWER vs. INPUT POWER | | AND MAXIMUM STABLE GAIN vs. FREQUENCY 
f = 14 GHz, Vg = 10 V 

E 
5 ° 

- с 

5 à 
© 

Pin, dBm Frequency, GHz 
Typical Scattering Parameters: Zo = 50 Q . TA=25°C,Va=10 V 

Freq $11 $21 $12 | $22 

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 

4.0 .89 130 8.6 2.14 | 92 37.7 .013 86 44 -93 3.03 

5.0 .93 106 13.2 4.56 5 95.0 .016 60 58 —115 ‚ 1.39 

6.0 .63 40 19.9 9.85 —66 —37.1 014 110 59 —144 1.81 

7.0 .60 —122 _ 19.8 9.77 —155 —29.6 ,033 ^ 108 44 168 1.08 

8.0 ‚82 —178 15.2 5.74 156 —28.4 .038 94 ` .37 —169 ` 0.92 

9.0 .83 155 11.8 3.88 | 131 —27.5 042 | 79 .39 = —170 1.12 
10.0 ‚83 138 10.0 3.17 106 —27.3 24043 - 65 .41 -177 - 1.31 
11.0 .81 124 8.7 2.73 83 —27.3 „043 59 42 —179 1.59 
12.0 .80 109 8.1 ` 2.53 61 —27.7 .041 48 —- .44 176: 1.80 
13.0 „74 89 7.8 2.45 36 —28.6 037 | 35 | 47 168 ` 2.34 
14.0 .61 68 7.7 2.42 10 —30.5 .030 18 .50 163 3.56 
15.0 33 48 7.5 2.37 -20 -34,9 „018 11 „56 157 _ 7.34 
16.0 .05 134 8.3 2.59 —63 —43.1 .007 13 .65 145 15.87 
17.0 .32 —159 6.9 2.21 —106 —37.1 .014 65 .73 128 6.56 
18.0 .71 168 -1.6 0.83 ` —149 —36.5 .015 .49 74 | 11 8.53 
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MGA-63100 
2 Stage GaAs FET Cascade 


Typical Biasing Configuration 





EXTERNAL ELEMENTS REQUIRED: 





Substrate Bonding Diagram 


Input Matching Bypass 


Capacitor 


Blocking 
Capacitors 


All bond wires 
low and short 


Output Matching 


Network 
(ground) 


(matching circuit not to scale) 


° Input and Output DC Blocking Capacitors: 45pF typical 
e RF Choke Network and Bypass Capacitor: 4 turns 1 mil wire; 45 pF capacitor typical 


INPUT and OUTPUT IMPEDANCE MATCHING NETWORKS: 


ө This MMIC is not impedance matched. As with a discrete transistor, the S-parameter 
data provided should be used to design input and output impedance matching networks 
that will optimize device performance for the designer's application. 

All device guarantees and typical performance information represents performance of the 
MMIC in a tuned (optimally matched) environment. 


RECOMMENDED DIE ATTACH PROCEDURE 


1. 


2. 
З. 


Die attach should be performed under an inert atmosphere of 
either nitrogen or forming gas. 

Set heater block temperature to 300 + 10°C. 

Place circuit on heater block and heat thoroughly; typically 

5 - 15 seconds. 

Place Au-Sn preform on circuit in die attach location, using 
sufficient quantity to ensure wetting and to produce a fillet 
around the die. 

Using sharp tweezers, pickup the die and orient it properly on 
the circuit. 

Scrub the die into the preform with a back-and-forth motion 
taking care not to scratch the top surface of the chip. Continue 
until wetting occurs; normally within 3 to 4 scrubs. 

Wetting should occur on 100% of the chip perimeter to form a 
visible fillet around the die. 

Remove the circuit from the heater block and allow it to cool in 
air. Total time for die attach should be less than 10 seconds. 


RECOMMENDED WEDGE BONDING PROCEDURE 


3. 


Set heater block temperature to 260 + 10°C (If the wedge is 
heated, the heater block temperature should be lowered 
slightly from this setting. The exact setting will need to be 
determined empirically, and will vary from machine to 
machine). 


Use prestressed (annealed) gold wire of .0007 or .001 
inches diameter. 


Tip bonding pressure should be between 15 and 20 grams, 
and should not exceed 20 grams. The footprint left by the wire 
should be between 1.5 and 2.5 wire diameters across. 


Proceed with bonding according to machine instructions. 
Bonds should be made from the circuit to the chip bonding 
pads to minimize the potential for pad damage. Bonds should 
be made to the source (common) and drain (output) pads of 
the MMIC before bonding to the gate (input) pad to minimize 
the potential for ESD damage. 


CAUTION: This device makes use of GaAs FET devices with very small gate geometries. Such devices are subject to 
damage by electro-static discharge (ESD), and must only be handled by properly grounded personnel working at 


grounded assembly stations. 
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Kip} HEWLETT MGA-64135 





PACKARD. 2-6 GHz Cascadable 
| ' GaAs MMIC Amplifier 
Features | | 35 Мїсго-Х РасКаде 


e Cascadable 50 О Gain Block 
e Broadband Performance: 2-6 GHz 
‚ 12.0 dB typical Gain 
+ 0.8 dB Gain Flatness 
12.0 dBm Р; ав 
e Single Supply Bias 
° Cost Effective Ceramic Microstrip Package 


GROUND 








.083 
211 DIA. 


RF OUTPUT "E. 


Description s 
The MGA-64135 is a high performance gallium arsenide u ud 
Monolithic Microwave Integrated Circuit (MMIC) housed in a GROUND 

cost effective, microstrip package. This device is designed | | Notes: 

for use as a general purpose 50 ohm gain block in the 2 to 6 | (unless otherwise specified) 
GHz frequency range. Typical applications include narrow ` | 1. Dimensions are 2. 
and broadband IF and RF amplifiers for commercial, “ 057 + 010 ier eda” mm 
industrial, and military requirements. 145 + 25 554 "in cx $005 

This MMIC is a cascade of two stages, each utilizing shunt | mm .хх = t.13 
feedback to establish a broadband impedance match. The єл ceca К: 


source of each stage is AC grounded to allow biasing from a 


single positive power supply. The interstage blocking | | Я 
capacitor as well as a resistive "self-bias" network аге 22 455 + 030 


included on chip. 





.006 +.002 
The die is fabricated using HP's nominal .5 micron recessed | 15 t .05 
Schottky-barrier-gate, gold metallization and silicon nitride | 
passivation.to achieve excellent performance, uniformity, 
MIU mE Typical Biasing Configuration 
POWER GAIN vs. FREQUENCY 
| ТА = 25°С, Ма = 10V 

8 

б. 

о 

IN OUT 





Frequency, GHz 


Electrical Specifications, TA = 25°С 























| Ge | _FPower Gain (81) f-2:96GHz | æ | 100 | 120 | _ 
Абр |  GainFlatness -2066 | æ | | 208 | 
Gain Variation vs. Temperature f = 2106 GHz | +0.5 
И | man юе | | = L 
Output VSWR |. fe2:t6GHz — | | [14 | 20 ` 
Output Power @ 1 dB Gain Compression f=2to6GHz ` | dBm | 100 | 120 | | 
50 0 Noise Figure 20267 | æ | | 75 | 
| - | Reverse Isolation (|S12|2) | f=2t06GHz - | dB | | 3 | |. 
a [| Device Current | м | 3 [| s | 68 ` 
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MGA-64135 
GaAs MMIC Amplifier 


Absolute Maximum Ratings 


Device Voltage 


Typical Performance, Ta = 25°C 


(unless otherwise noted) 


Absolute 
Maximum! 























12 V 
op NR | | OUTPUT POWER © 1 dB GAINCOMPRESSION ` ` 
` Total Power Dissipation? ` 60 mW — | vs. FREQUENCY | 
CW RF Input Power _ +13 dBm 
Channel Temperature 175°С 





не“ 


Storage Temperature? | _ —65°С1о +175°С 


P4 ав. dBm 


1. Operation of this device above any one of these parameters may 
cause permanent damage. 


2. Derate linearly at 8.3 mW/°C for ТСАЅЕ > 103°C. | | | | s 
3. Storage above +150°С may tarnish the leads of this package 0 2.0 0 MEC 





making it difficult to solder into a circuit. After a device has been Frequency, GHz 


soldered into a circuit it may be safely stored up to 175?C. 

4. The thermal resistance value is based on measurements taken 
with the device soldered to a 25 mil Teflon PCB. 

9. The small spot of this technique results in a higher, though more 
accurate determination of Ojc than do alternate methods. 
See MEASUREMENTS section for more information. 


NOISE FIGURE vs. FREQUENCY VSWR vs. FREQUENCY 
Уа =10V | 22 Mq =10V 











° Е 
ш Š 
Frequency, GHz | i Frequency, GHz 
Typical Scattering Parameters: Zo = 50 О S _ ТА = 25°С, Va = 10V 
Freq. S11 S21 S12 К So | 
GHz .. Mag Ang dB Mag Ang dB Mag Ang — Mag Ang 
0.5 27 38 10.6 3.38 14 -31.0 028 -13 2 38 | M. 
1.0 .18 -44 12.9 4.42 -9 —33.1 022 —20 .26 —48 
2.0 .14 —67 14.3 5.21 -54 —34.9 018 © —19 .16 -59 
3.0 17 -91 14.5 5.33 —93 -37.1 014 -21 л 22275 
40 .20. —105 . 142 5.11 —131 -37.8 .013 —15 11. --Т71 
50 .18 —114 13.6 4.79 —167 —37.3 014 -10 14. —57 
. 6.0 .07 —162 12.8 4.35 157 -38.5 012 -1 417 —41 
7.0 .15 96 11.8 3.89 123 —36.0 .016 3 16 —42 
8.0 .23 76 10.8 3.46 92 -34.3 019 4 10 22-54 
9.0 .32 63 9.5 2.98 63 —29.3 034 12 04 159 
10.0 43 52 8.6 2.68 38 —27.6 .041 —11 09 116 
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бу HEWLETT МСА-65100 





2 Stage GaAs FET Cascade | 
Features — Е Chip Outline 
е Unmatched 2 Stage FET Cascade | 
° High Output Power: ГТ — — | 
_ — 24 dBm typical Рі ав at 14 GHZ 22 (Backside | ЇЙЇ | 
е High Gain: Contact) _ 


9.5 dB typical бі а at 14 GHZ `° ` , [ЇЇ 
e Single Supply Bias ІШІ, 


Description 


The MGA-65100 is a high performance gallium arsenide П . dif 
Monolithic Microwave Integrated Circuit (MMIC) chip YHHWI | 
designed for use as a medium power high frequency gain ШЦ = b || 
stage in industrial and military applications. | ыы = 


This MMIC uses a cascade of two FET pairs to yield a device 
with higher gain and higher input impedances than a 
conventional discrete FET. AC grounded sources and an 
internal resistive network allow for biasing from a single 
positive power supply. | 


The die is fabricated using HP's nominal .3 micron recessed 
Schottky-barrier-gate, gold metallization, and silicon nitride 
passivation to achieve excellent performance, uniformity, 
and reliability. 








Electrical Specifications, TA = 25°С | 
| Symbol Parameters and Test Conditions: Vd = 10 V, = 500 












P1 dB? Power Output @ 1 dB Gain Compression f = 6.0 GHz : 
Zu E f = 14.0 GHz 24.0 
| BEEN Г- 18.0 ОН2. | 22.0 
1 dB Compressed Gain I 19.0 
| 9.5 
|! | Saturated Output Power (3 dB Compressed) f2140GHz | dB | [250 | |. 
__ — | Reverse Isolation с | f=6to1gGHz | dB |  — [270 | ——— 


| la | Device Current м 


Notes: 1. RF performance is determined by assembling and testing 10 devices per wafer. | 
2. Tuned Measurement. | 
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MGA-65100 
Stage GaAs FET Cascade 


Absolute 
Maximum! 


Absolute Maximum Ratings 


Part Number Ordering Information 

























Device Voltage 12.0 V | Part Number Devices Рег Tray 
Total Power Dissipation? 30W тен GN. E EL 2 

СУУ RF input Power +26 dBm ЕТЕ M 
Channel Temperature 175°С 





Storage Temperature —65°С to —175°С МСА-651 00-GP6 | Up to 300 





Notes: 

1. Operation of this device above any one of these parameters Typical Performance, Ta = 25°C 
may cause permanent damage. | | (unless otherwise noted) 

2. Derate linearly at 45 mW/°C for TA > 109°C. 

3. The small spot size of this technique results in a higher, though 
more accurate determination of Ojc than do alternate methods. 


See MEASUREMENTS section for more information. 


OUTPUT POWER @ 1 dB COMPRESSION 
1 dB COMPRESSED GAIN vs. FREQUENCY | | vs. FREQUENCY 


'Mdz 10V 














E 
Š Š 
Š = 
Š d 
2 4 6 8 10 12 14 16 18 
Frequency, GHz | PI Же 
OUTPUT POWER ve. INPUT POWER 'NSEIND MAXIMUM STABLE GAIN vs. FREQUENCY ^ 
f = 14 GHz, Va = 10 V | Vds 10 V 
|. E 
9 
- 8 
> £ 
c б 
Pin, dBm ANI GHz 
Typical Scattering Parameters: Zo =500 ТА = 25°С, Ма = 10V 
Freq ЖӨН... ИНЕ не AETERNUM... S — Se _ 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang k 
2.0 88 -75 15.0 5.61 -30 —43.1 .007 131 31 —100 2.59 
3.0 94 -113 16.6 6.75 -74 -40.9 ,009 118 50 -122 0.68 
4.0 93 -136 15.6 6.00 -110 -40.0 010 55 61 -143 1.15 
5.0 91 -147 15.9 6.22 -137 —38.4 012 -5 61 -157 1.29 
6.0 92 -161 14.0 5.01 176 -38.4 012 53 57 -165 1.40 
7.0 92 -170 11.4 3.72 145 -33.2 .022 74 55 177 1.13 
8.0 91 -176 9.4 2.96 123 —31.1 .028 73 54 167 1.22 
9.0 91 178 7.8 2.46 102 —29.9 .032 70 54 161 1.29 
10.0 90 173 6.3 2.07 81 —29.1 .035 68 56 154 1.44 
11.0 90 168 5.0 1.77 63. —28.9 .036 65 57 148 1.55 
12.0 91 162 4.2 1.63 45 —28.9 .036 63 61 142 1.48 
13.0 91 157 3.2 1.45 23 -28.4 ‚038 61 64 136 1.46 
14.0 91 152 2.1 1.27 6 -27.1 .044 58 69 127 1.35 
15.0 92 147 1.4 1.18 -15 -28.0 040 44 70 117 1.22 
16.0 92 140 0.4 1.05 -38 -28.9 .036 38 71 107 1.28 
17.0 93 134 -1.1 0.88 —63 -29.6 033 30 72 96 1.22 
18.0 93 131 -2.5 0.75 -85 -30.5 .030 20 73 88 1.25 
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Typical Biasing Configuration 


| Е рураѕѕ 


RFC 


C block 





EXTERNAL ELEMENTS REQUIRED: 


MGA-65100 
2 Stage GaAs FET Cascade 


Substrate Bonding Diagram 


Bypass 
Capacitor 
input Matching 
Network аны 


; Output Matchi 
All bond wires css = 


Capacitors 
(ground) 


low and short 





(matching circuit not to scale) 


e Input and Output DC Blocking Capacitors: 45pF typical 


e HF Choke Network and Bypass Capacitor: 


4 turns 1 mil wire; 45 pF capacitor typical 


INPUT and OUTPUT IMPEDANCE MATCHING NETWORKS: 


e This MMIC is not impedance matched. As with a discrete transistor, the S-parameter 
data provided should be used to design input and output impedance matching networks 
that will optimize device performance for the designer's application. 

All device guarantees and typical performance information represents performance of the 
MMIC in a tuned (optimally matched) environment. 


RECOMMENDED DIE ATTACH PROCEDURE 


1. Die attach should be performed under an inert atmosphere of 
either nitrogen or forming gas. 

2. Setheater block temperature to 300 + 10?C. 

3. Place circuit on heater block and heat thoroughly - typically 
5 - 15 seconds. 

4. Place Au-Sn preform on circuit in die attach location, using 
sufficient quantity to ensure wetting and to produce a fillet 
around the die. 

5. Using sharp tweezers, pickup the die and orient it properly on 
the circuit. 

6. Scrub the die into the preform with a back-and-forth motion 
taking care not to scratch the top surface of the chip. Continue 
until wetting occurs; normally within 3 to 4 scrubs. 

7. Wetting should occur on 100% of the chip perimeter to form a 
visible fillet around the die. 

8. Нетоуе the circuit from the heater block and allow it to cool in 
air. Total time for die attach should be less than 10 seconds. 


RECOMMENDED WEDGE BONDING PROCEDURE 


1. Set heater block temperature to 260 + 10°C (If the wedge is 
heated, the heater block temperature should be lowered 
slightly from this setting. The exact setting will need to be 
determined empirically, and will vary from machine to ma- 
chine). 


2. Use prestressed (annealed) gold wire of .0007 or 1.000 
inches diameter. 


3. Tip bonding pressure should be between 15 and 20 grams, 
and should not exceed 20 grams. The footprint left by the wire 
should be between 1.5 and 2.5 wire diameters across. 


4. Proceed with bonding according to machine instructions. 
Bonds should be made from the circuit to the chip bonding 
pads to minimize the potential for pad damage. Bonds should 
be made to the source (common) and drain (output) pads of 
the MMIC before bonding to the gate (input) pad to minimize 
the potential for ESD damage. 


CAUTION: This device makes use of GaAs FET devices with very small gate geometries. Such devices are subject to 
damage by electro-static discharge (ESD), and must only be handled by properly grounded personnel working at 


grounded assembly stations. 
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| MGA-66100 
HEWLETT 
(0 кет E mE . 2-6 GHz Cascadable 


GaAs MMIC Amplifier 





Features | Chip Outline 
e Cascadable 50 © Gain Block. 
e Broadband Performance: 2-6 GHz 
12.5 dB Typical Gain 
+1.0 dB Gain Flatness 
13.0 dBm Рав 
e Single Supply Bias 
e Unconditionally Stable 


Description 


The MGA-66100 is a high performance gallium arsenide 
Monolithic Microwave Integrated Circuit (MMIC) chip. This 
device is designed for use as a general purpose 50 Q gain 
block in the 2 to 6 GHz frequency range. Typical applications 
include narrow and broadband IF and RF amplifiers for com- 
mercial, industrial, and military requirements. 





This MMIC is a cascade of two stages, each utilizing shunt 
feedback to establish a broadband impedance match. The 
source of each stage is AC grounded to allow biasing from a 
single positive power supply. The interstage blocking capaci- 


tor as well as a resistive "self-bias" network are included on | Chip Schematic | RF 
chip. СЙ OUTPUT 
AND DC 
| | BIAS 

The die is fabricated using HP's nominal .5 micron recessed | 
Schottky-barrier-gate, gold metallization and silicon nitride | 
passivation to achieve excellent performance, uniformity, and | Е | 
reliability. RF B | — 

| IN 


Power Gain vs. Frequency | | | | 
ТА = 25°С, Va = 10 V | Jr 
16 


2,4 — 





0 20 40 60 80 100 
Frequency, GHz 
Electrical Specifications, Тд = 25°C 


| Symbol | Parameters and Test Conditions: Vg = 10 V, Zo = 50 Q Uni 
| бр __ | Power Gain (1521 |2) | f = 2 to 6 GHz | | 
| AGp . Gain Flatness f=2to6GHz ` | 


H 


Gain Variation vs. Temperature f = 2 to 6 GHz 
Tcase = -25?C to +85°C | 


Input VSWR ` | | f22106 GHz 


Output E f-2106 GHz ` 








< 

Ф 
ПЕ 

2) 





| | Output Power Q 1 dB Gain Compression f = 2 to 6 GHz 
_ | 50 Q Noise Figure EN f = 2 to 6 GHz | 


| Pia 
NF 


м дА 2 
on | > ү 


Reverse Isolation (151212) | | | | _ f = 2 to 6 GHz 
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MGA-66100 













GaAs MMIC Amplifier 
Absolute Maximum Ratings | | . | Part Number Ordering Information — ` 
| Device Voltage | n 12V | I  MGA-66100-GP1 | 00 5 
Total Power Dissipation?. 3 _ 800 mW MGA-66100-GP3. 90 
CW RF Input Power _ +13 dBm _ MGA-66100-GP6- Up to 300 
Channel Temperature 175?C 
Storage Temperature _ -65to 175°C 
i | Typical Performance, ТА = 2550 
(Unless otherwise noted) 
Notes: | 
1. Operation of this device above any one of these parameters may 
cause permanent damage. | | 
2. Mounting Surface Temperature = 25°С. 
З. Derate linearly at 25 mW/°C for Tyounting SURFACE > 143°C. 
4. The small spot size of the technique results in a higher, 
though more accurate determination of 0;- than do alternate 
methods. See Primer IIIA for more information. 
Output Power @ 1 dB Gain Compression Noise Figure vs. Frequency 
vs. Frequency Уа = 10 V | z10V | 








Va = 10 V 






SP 








1.2:1 
ws _ | eee err 
70 20 40 60 80 100 
Frequency, GHz 
Typical Scattering Parameters: Zo = 50 © | ыз 420 4 _ ҮІ ТА = 25°С, Va = 10 V 
| Freq. $11 $21 $12 $22 
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
0.5 25 39 | | 102 323 4 -29.8 092 8 36 -41 
1.0 | .16 36 _ 12.3 4.12 -2 |. -3820 = 0258 | -17 .25 -45 
2.0 10 -22 14.1 5.06 -40 200042 . 019 `` -14 19 3-4 
3.0 08 -37 14.5 5.28 -74 -35.9 016 -11 16 -54 
4.0 09 -105 14.2 5.15 -109 -38.0 013 -9 12 -65 
5.0 14 -152 13.5 4.71 -142 -40.9 009 2 09 -77 
. 6.0 20 176 12.4 4.19 -172 -44.3 006 18 07 -69 
7.0 27 141 11.3 3.67 160 -45.5 005 54 07 -48 
8.0 37 114 10.1 3.21 135 -45.0 006 67 07 -28 
9.0 .50 96 8.7 2.73 111 -46.5 005 — 90 . .05 -10 
10.0 .59 86 7.4 2.34 90 -46.8 .005 100 03 7 
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MGA-66100 
GaAs MMIC Amplifier 





Typical Biasing Configuration Substrate Bonding Diagram 





External Elements Required: 


Bypass 
Capacitor 


bond wires 
as short as 
possible 


Blocking 
Capacitor 


e Output DC Blocking Capacitor: 45 pF typical 
e RF Choke Network and Bypass Capacitor: 4 turns 1 mil wire; 45 pF typical 
e Input and Output RF Transmission Lines: 50 Q typical 


Recommended Die Attach Procedure 


. Die attach should be performed under an inert atmo- 
sphere of either nitrogen or forming gas. 

. Set heater block temperature to 300? + 10?C. 

. Place circuit on heater block and heat thoroughly; 
typically 5-15 seconds. 

. Place Au-Sn preform on circuit in die attach location, 
using sufficient quantity to ensure wetting and to produce 
a fillet around the die. 

. Using sharp tweezers, pick up the die and orient it 
properly on the circuit. 

. Scrub the die into the preform with a back-and-forth 
motion taking care not to scratch the top surface of the 
chip. Continue until wetting occurs; normally within 3 to 
4 scrubs. 

. Wetting should occur on 100% of the chip perimeter to 
form a visible fillet around the die. 

. Remove the circuit from the heater block and allow it to 
coolin air. Total time for die attach should be less than 10 
seconds. 


Recommended Wedge Bonding Procedure 


1. 


Set heater block temperature to 260? + 10?C (If the 
wedge is heated, the heater block temperature should be 
lowered slightly from this setting. The exact setting will 
need to be determined empirically, and will vary from 
machine to machine). 


. Use prestressed (annealed) gold wire of .0007 or .001 


inches diameter. 


. Tip bonding pressure should be between 15 and 20 


grams, and should not exceed 20 grams. The footprint 
left by the wire should be between 1.5 and 2.5 wire 
diameters across. 


. Proceed with bonding according to machine instructions. 


Bonds should be made from the circuit to the chip 
bonding pads to minimize the potential for pad damage. 
Bonds should be made to the source (common) and 
drain (output) pads if the MMIC before bonding to the 
gate (input) padto minimize the potential for ESD damage. 


CAUTION: This device makes use of GaAs FET devices with very small gate geometries. Such devices are subject 


to damage by electro-static discharge (ESD), and must only be handled by properly grounded personnel 


working at grounded assembly stations. 


LA Packar 


MGS-70008 | 
Reflective SPDT GaAs MMIC Switch 





Features 


e Single-Pole, Double-Throw Output 

e Broad Bandwidth: DC to 3 GHz 

e Low Insertion Loss: 0.8 dB Typical at 1 GHz 
e Fast Switching Time: 3 ns Typical 

e Ultra Low DC Power Consumption 

e Small Surface-Mount Plastic Package 


Description 


The MGS-70008 is a single-pole, double-throw monolithic 
GaAs MMIC switch. The J2 and J3 of the MGS-70008 are 
terminated to ground when "off" (an absorptive version, the 
MGS-71008, which terminates the "off" port in an internal 50 Q 
resistor, is also available). The switches are sealed in a small, 
plastic, surface-mount SO-8 package. Switching is actuated 
by a -5 V control voltage per the truth table shown on the next 
page. -3.3 V operation is also possible with some reduction in 
Р+ав and IP3. | | | 


The MGS-70008 is designed for high volume commercial 
applications where low insertion loss, high isolation, and fast 
switching speed are required. Its low cost and high perfor- 
mance make it suitable for a wide variety of uses such as digital 
cellular, spread spectrum, GPS, and other RF switching appli- 
cations. Refer to applications note АМ-С007 for more applica- 
tion details. 


The die is fabricated using HP's nominal 0.7 шт Schottky- 


barrier-gate, gold metallization, and silicon nitride passivation 
to achieve excellent performance, uniformity, and reliability. 


Electrical Specifications, TA = 25°C 


Bandwidth 
Insertion Loss 


Isolation 


3000 MHz dB 
|... VSWR Voltage Standing Wave Ration (on port) DC-2000 MHz 
J1, J2 or J3 2000 - 3000 MHz NENNEN 
VSWR Voltage Standing Wave Ration (off port) | DC-2000 MHz 
№ | Switching Speed 10% to 90% [ m | — — 
Pi ав“ Output @ 1 dB Gain Compression 200 MHz dBm 18.5 
| : . 1000 MHz dBm 26.0 
AN 2000 MHz dBm 26.0 ш 
| 3rd Order Intercept 200 MHz dBm 
| .1000 MHz dBm 40 
Ba өш | Bl ele] 





Parameters and Test Conditions* | 
Control Input Current DC 














50-8 Package 


4.98 (0.196) _ 

- 4.80 (0.189) - 
де 

Ен 

n 









_3.99 (0.157) 5.401 6.20 (0.244) 
3.81 (0.150) re 5) 5.82 (0.229) 


1.91 (0.075) 


0.28 (0.011) 1.37 (0.054) 







0.48 (0.019) kac e " 





| 0.20 (0.008) 
0.10 (0.004) 
АИ d | 0 DEG. MIN. | _ A 
| 0.25 (0.010 
| . — 0.020 (0.01 1.27 (0.050) -0.25 (0.010) 
1.27 Е 0.41 (0.016) РЕ 
(0.050) 
ТҮР. 0.178 (0.007) MIN. 
NOTES: 
1. DIMENSIONS ARE IN MILLIMETERS (INCHES). 6.20 (0.244) 


2. CONTROLLING DIMENSIONS ARE IN INCHES. 
3. TOLERANCES CONFORM WITH HPM, CARSEM, 
AND JEDEC STANDARD EXCEPT AS NOTED. 


5.82 (0.229) 
5.461 (0.215) MAX А 
OUTLINE 08A 


AC Equivalent Circuit/ Pinout 


J1 
Ground 
J2 


Control 1 





b ab 
ңе у 
eb anh 


200 MHz dB 
. 1000 MHz dB 
2000 MHz dB 
2500 MHz ` . dB 
. 3000 MHz _ dB 
200 MHz > dB 
1000 MHz dB |. 29 
2000 MHz dB 20. 
2500 MHz | dB 16 





Notes: “Measured т a 50 Q system at 1 GHz, unless otherwise specified, Мс = -5 V 


** Measured in a 50 Q system with Мс = -7 V 


MGS-70008 а... 7. 
Reflective SPDT GaAs MMIC Switch ` 


Absolute Maximum Ratings 















_. Parameter ‚  , Absolute Maximum! 






Maximum Input Power 2n 
+27 dBm 






below 500 MHz 
above 500 MHz +30 dBm. ` 
Control Voltage -8.0 V 





Storage Temperature _ -65 to +150°C 
Notes: | 

1. Operation of this device above any one of these limits may . 
cause permanent damage. ` | 


Insertion Loss vs. Frequency u 
VControl =-5 V | 





tn 
ry 
200% 
О 
Ө, 
c 
© 
X 
Ф 
o > 
£ 
Frequency, GHz. ` 
Input and Output Return Loss vs. Frequency 
ú VControl 7-7 V 
2:1 —T _ 
t 
o 
а. 
с 
о s 
с 
= 
о 





E Frequency, GHz | | | 


MGS-70008 Truth Table (Typical Performance at 1 G 


For normal SPDT use 





Typical Performance,T, = 25°C 


isolation, dB 


P1dB, dBm 


Hz) 


E 
| Ci [c2 | J2 — 

pev [ov [ев | 168” 
ov 
[sv psv [зв | 19% | 148 | 


| лз | n _ B 
| 1dB | тв | 1dB — 
ШЕГЕ 


1dB . 


(unless otherwise noted) 


Isolation vs. Frequency 
VControl 2-5 V 


Frequency, GHz 





Output Power vs. Frequency 
VControl =-7 V 


.8 dB 


22 — 


Frequency, GHz 


MGS-70008 Typical Power Performance vs. Frequency and Control Voltage (Vc) 


(All other typical specifications remain constant.) 
| | Vc= -7V ` | | 





Рав — | ІЗ | Рв | 


_ 1000 MHz 26.0 dBm 45dBm _ 23.7 dBm 44 dBm 
2000 MHz 26.0 dBm _ 45 dBm 23.0 dBm _ 44 dBm 


200 MHz |  185dBm. 41dBm - 


16.0 dBm 


: 416.5 dBm > 


17.5 dBm 











_ MGS-70008 
Reflective SPDT GaAs MMIC Switch 


Typical Scattering Parameters: ON Switch Port Zo = 502, Ta = 25°С, Vc = -5 V 
$11 $21 $12 $22 











Freq. 

MHZ Mag Ang dB Mag Ang dB Mag Ang. Mag ` Ang 
2 .04 -6.2 -.6 .93 -4.5 -.6 .934 -4.4 04 -2.5 
4 .04 0.3 -.6 .93 -8.5 -.6 .934 -8.3 .03 10.6 
.6 .04 7.6 -.6 .93 -12.7 -.6 930 -12.4 03 30.7 
8 05 13.6 -.6 .93 -16.8 “7 927 -16.3 04 52.8 

1.0 06 14.7 -6 .93 -21.0 -.7 927  -20.4 .05 63.0 
1.2 07 14.5 -.6 .93 -25.7 -.6 .931 -24.5 07. 674. 
1.4 ‚09 14.0 -.6 .93 -30.3 -.6 930 -28.7 .08 69.1 
1.6 .10 10.2 -.6 .93 -34.8 -.6 930 -32.9 10 69.2 
1.8 11 8.1 -.6 .93 -39.4 -.6 928 -37.6 .10 66.6 

2.0 11 1.4 -.6 .93 -44.5 -.6 928 -41.8 11 65.2 

2.2 11 -3.2 -.7 .92 -49.9 -7 .922 -46.8 .09 62.2 

24 .10 -8.5 -.8 91 -54,5 ЕТ 927 -51.5 ‚09 60.8 

2.6 08 -13.1 27 .92 -58.9 -.7 920 -56.2 07 60.0 

2.8 .05 -14.1 -.7 .92 -64.0 -.7 922 -62.4 04 70.8 

3.0 01 7.4 -.8 .91 -69.0 -1.0 894 -68.7 | 02 127.9 

3.2 04 141.4 -1.1 .88 -75.0 -1.3 864 -744 05 -178.2 

3.4 41 143.2 -1.2 87 -79.2 -1.7 823 -79.9 10 -169.4 

3.6 17 129.5 -1.4 ‚85 -81.7 -1.6 828 -85.7 12 -178.5 

3.8 22 135.9 -1.3 86 -85.4 -2.1 788 -918 19 -168.0 

4.0 32 133.2 -1.6 83 -94.4 _ -3.0 708 -95.0 22 165.6 

4.2 .37 129.2 -2.2 .78 -96.8 -3.7 652 -99.2 24 166.9 

4.4 46 128.5 -2.0 ‚79 -98.4 -4.2 619 -102.5 30 163.4 

Typical Scattering Parameters: OFF Switch Port Zo = 50 Q ‚ТА = 25°С, Ус = -5 М 

$11 $21 $12 | $22 

Freq. | 

MHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
2 .05 5.6 -50.0 .00 92.1 -44.4 .006 92.4 .81 176.3 
4 05 20.6 -40.0 01 94.2 -38.4 012 95.2 ‚82 172.6 
.6 .06 36.0 -35.0 .02 98.1 -35.4 017 100.3 83 168.9 
8 09 39.3 -31.9 .03 100.9 -32.4 024 104.4 83 165.3 

1.0 ‚11 35.8 -30.5 03 103.9 -30.5 (030 108.5 185 161.6 
1.2 13 30.9 -28.0 04 103.6 -28.4 038 110.4 86 158.3 
1.4 14 25.0 -26.0 05 107.5 -26.4 048 116.2 87 154.9 
16 .15 18.9 -24.4 .06 107.0 -24.7 058 116.8 89 151.9 
1.8 16 14.5 -23.1 07 108.5 -23.0 071 1196 90 148.6 

2.0 16 10.6 -21.9 08 105.9 -21.6 083 118.0. 92 146.7. 

2.2 17 7.8 -20.0 10 105.3 _ -19.9 101 118.6 92 145.0 

24 17 23.0 -19.2 11 105.4 -18.8 115 119.8 .95 143.1 

2.6 18 -29 -17.7 13 103.9 -16.9 143 120.4 95 141.7 

2.8 16 -9.2 -16.5 .15 102.1 -15.7 165 119.3 98 141.2 

_ 3.0 14 -19.6 -14.9 .18 98.5 -13.9 202 1164 _.99 140.6 

3.2 11 -33.2 -14.0 .20 97.6 -12.2 246 115.5 1.01 139.6 

3.4 .06 -78.5 -12.0. 25 88.8 -10.3 1307 105.1 1.00 139.0 

3.6 08 -156.7 -10.5 130 79.5 -8.4 .379 89.9 91 140.4 

3.8 13 153.0 -11.1. 28 70.0 -10.3 .306 77.4 .94 146.5 

4.0 .18 134.3 -11.7 26 68.9 -8.6 370 88.3 1.26 142.8 

4.2 22 129.6 -10.8 .29 72.1 _ -7.8 407 85.3 1.33 133.7 

4.4 27 128.9 -9.9 32 72.0 -6.8 83.0 1.45. 131.6 
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728 HEWLETT | | MGS-70018 
ГД] БАСКАН: BEEN , MGS-710088 | 
| | SPDT GaAs Switches 








Features | 180 mil Package 


e Broad Bandwidth: DC to 4.6 GHz 

e High Isolation: >45 dB typ @ 1 GHz 
e Fast Switching Speed: 2 ns Typical 
e Surface Mount Package . 

e Reflective and Absorptive Versions 


Description 


The MGS-70018 is a broadband, single-pole, double-throw 
monolithic reflective GaAs switch which terminates "off" sig- 
nalsto ground. The MGS-71018 is an absorptive version which 


































terminates "off" signals to a 50 © load. These devices come 0.180 50 мах 
packaged т a small 8-leaded glass/metal hermetically sealed Y EM Г РМ N 0.006 
package designed for surface mounting. Switching is actuated _ 0.070 мах. 736 
by а —5 V control voltage per the truth table below. Current КД 
draw for the ON port is less than 100 pA. Vee AC GROUND A 
These products are designed for cost effective, fast switching | | Notes: | 
speed applications where low insertion loss and high isolation EE rasa E (unless otherwise specified) 
are desired. Their wide bandwidth and isolated control ports 2 RFIN Grou | > ee are п. 
e . е 3 Control-1 x 
make them suitable for a broad variety of uses. Typical 1. | іп .ХХХ = 2.005 
applications include instrumentation, communications circuits, шы 
radar circuits, and ECM systems. 
The die is fabricated using HP's nominal 0.7 ит Schottky- 
barrier gate, gold metallization, and silicon nitride passivation 
to achieve excellent performance, uniformity, and reliability. 
Control 1 | OV 
Control 2 
RF Out 1 
RF Out 2 
Electrical Specifications, T, = 25°C | | [on rests iod 
| Symbol | Parameters and Test Conditions: ` Unit Max. Tw | Typ. | Max. 
| BW  |Bandwidth | | | GHz _ 46 | 0с] |46. 
IL Insertion Loss 200 MHz ` dB |. 
— E s [E 
| 4.6 GHz. dB 2.0 
ISO . Isolation | 200 MHz dB 
Te sis ul 
| | | > 4.6 GHz : dB 
Р МОИ рр 
Switching Speed 699 |”. БЕНЕН БЕН ЕСЕН БЕН 
Pour Output Power | | 200 MHz dBm +16 | +17 
@ 1 dB Compression 4.6 GHz +25 ш +23 | +25 т 
CPs [sdOmeritecep поен Гев" [+0 [+5 [ [30| as | — 


Мое: 1. Measured in а 50 Q system at 1 GHz, unless otherwise specified, at -5 V control voltage, except Pour and IPs at -7 V control voltage. 
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MGS-70018, MGS-71018 








SPDT GaAs Switches 
Absolute Maximum Ratings! MGS-70018 
Poppo EN SPDT GaAs FET Switch (Reflective) 
Maximum Input Power | Typical Performance, T4 = -55°C to +85°C 
below 500 MHz +27 dBm (Unless otherwise noted) o 
above 500 MHz +30 dBm 
Control Voltage — -8.0 V 
Storage Temperature -65 to 150°C 
Note: 1. Operation of this device above any one of these 
| | parameters may cause permanent damage. | 
Insertion Loss vs. Frequency | | Isolation vs. Frequency E Input VSWR vs. Frequency 
VcoNrRoL = —5 V | | VcoNrTROL2 -5V ` ЖА p VCcONTROL =-5V — 

































t 
ч 
° 
” 
о 
=) 
c 
2 
t 
® 
” 
Е "e 
| m ; | . 20 30 . 40 540 
Frequency, GHz ` O Оа BEEN ни Frequency, GHz ` 
Output Power vs. Frequency ` | - . 8rd Order Intercept vs. Frequency 
| Vceontror= -7V — — | E .  Усомтвое = 7 V ` 
m £ : 
-5 i 
Өс Е 
o о t 
= Ф © 
бо ит 
= = | 
о. 
= 9 %35 дық | s 
о 0.0 1.0 2.0 3.0 4.0 5.0 0.0 1.0 2.0 3.0 4.0 5.0 
Frequency, GHz Frequency, GHz — 
Typical MGS-70018 Scattering Parameters: 20=500 = TA = 25°C, Vcontrol 1 = -5 V, Veontroi 2 = 0 V 
Test Ports: Input to RF Out 1 (ON) | | | ` | | ОУ; 
Freq. 51 2 | _ $21 512 | | S22 
GHz SWR Mag Ang dB Мад Ang dB Mag Ang SWR Mag 
0.1 1.1 04 -21 -0.5 94 20 -0.5 94 20 1.1 104 
0.5 1.1 04 -b4 -0.7 .92 101 -0.7 .92 101 1:1 .04 
1.0 1.1 05 -22 -0.8 .91 -156 -0.8 .91 -156 1.1 .06 
15 1.2 10 17 -0.9 .90 -55 -0.9 .90 -54 1.3 ..11 
2.0 1.3 13 16 -1.2 .88 47 -1.2 .88 47 1.4 «19 
2.5 1.4 16 19 -1.2 .87 151 -1.3 ‚86 151 1.4 .18 
3.0 1.5 20 24 -1.3 ‚86 -102 -1.3 .87 -103 1.6 .24 
3.5 1.3 15 15 -1.3 .85 -1 -1.3 .86 1 1.5 .19 
4.0 1.2 07 -26 -1.3 ‚86 98 -1.3 .87 98 1.1 .06 
4.5 1.1 05 38 -1.4 .84 -159 -1.4 .85 . “160 ioo debes IN C 
5.0 | 13: 15 75 . -16 ‚83 -60 | -14 7 .85 61... 11 | 06 ` : 
Typical MGS-70018 Scattering Parameters: Zo = 500 ТА = 25°C, Vëontrol = -5 V, Vcontroi = 0 V 
Test Ports: Input to RF Out 2 (OFF) MEM | | | 
GHz SWR Мад Ang 98 Мад Ang . dB Mag Ang SWR Mag Апа 
0.1 1.1 06 -15 -56 00 -60 -63 00 -78 9.6 81 177 
0.5 1.1 05 -55 -43 .01 -15 -43 00 -25 8.5 79 167 
1.0 1.1 04 -34 -39 .01 55 -39 .01 51 7.4. 76 147 
1.5 1.2 08 26 -96 .01 134 -36 .01 138 6.7 74 130 
2.0 1.3 13 28 -36 .02 -140 -96 .02 -134 7.2 76 106 
2.5 1.5 20 23 -95 .02 -35 -35 .02 -33 7.8 77 106 
3.0 1.6 25 19 -35 .02 77 -35 02 68 8.2 78 98 
3.5 1:9 19 11 -34 .02 168 -94 .02 170 8.1 78 . 96 
4.0 1.3 13 -8 -32 02 -96 -32 02 -95 7.1 75 = 90 
4.5 1.3 13 15 -32 02 T7 -З2 .02 20 6.3 73 68 
5.0 1.4 15 47 -30 03 88 -31 „03 90 7.1 75 39 


MGS-70018, MGS-71018 
SPDT GaAs Switches 





MGS-71018 
SPDT GaAs FET Switch (Absorptive) - 


Typical Performance, T4 = -55°C to +85°C_ t=. 


(Unless otherwise noted) 




















Insertion Loss vs. Frequency Isolation vs. Frequency | Input VSWR vs. Frequency 
VcoNrRoL = —5 V VcourRoL =-5 V VcoNrRoL = -5 V 
m 0. -10 | - 1.5 
© 
» o -20 
© -1. 5 -30 
S -1. 5-49 
m о 
£ 2. -60 
| 0.0 1.0 2.0 3.0 4.0 5.0 0.0 1.0 2.0 30 40 5.0 
Frequency, GHz | Frequency, GHz disci GHz 
Output VSWR vs. — . . Output Power vs. Frequency . 3rd Order intercept vs. r геччепсу 
TN VcoNrRoL = -5 V а = VcoNrnoL = 7 V — .. McoNrRoL = -7 V 
| "Шо 
+ 
s š 
z 0 
© @ +20 
e 
š Б 
0 | 6 Он +35 
0.0 1.0 2.0 3.0 40 50 0.0 1.0 2.0 3.0 40 ° 50 > 00 1.0 2.0 3.0 4.0 5.0 
Frequency, GHz Frequency, GHz | Frequency, GHz 
Typical MGS-71018 Scattering Parameters: Zo = 50 О ^ ТА = 25°С, Veontro 17 -5 V, Усопто 2 = 0 V 
Test Ports: Input to RF Ош 1-(ОМ) | d 
Freq. и — S  — S99 _ S2 
GHz SWR  . Mag Ang. dB Mag X Ang dB Mag | Ang SWR - Mag Ang 
0.1 1.1 06 -22 -0.87 91 19 -0.87 91 19 1.1 06 -24 
0.5 1.1 .06 -57 -1.0 .88 100 -1.0 .88 100 1.1 .06 -52 
1.0 1.2 .07 -54 -1.2 ‚87 -158 -1.2 ‚87 -159 1.2 .09 -42 
1.5 1.2 .07 -17 -1.3 .86 -57 -1.3 .86 -57 13 .11 -26 
2.0 1.2 .08 -14 -1.5 .85 44 -1.5 .85 44 1.2 .11 1 
2.5 1.2 .09 -2 -1.5 .84 147 -1.5 .84 147 1.2 .10 41 
3.0 1.3 12 19 -1.6 ‚83 -108 -1.6 ‚84 -108 1.4 16 66 
3.5 1.1 04 14 -1.6 .82 -10 -1.6 .84 -9 1.2 09 67 
4.0 1.1 05 -156 -1.7 .82 90 -1.7 83 90 1.2 08 -133 
4.5 1.2 09 129 -1.7 .82 -168 -1.7 ‚82 -170 1.4 17 -137 
5.0 1.4 17 107 -2.0 .79 -70 -1.9 81 -71 1.1 05 178 
Typical MGS-71018 Scattering Parameters: 20 = 50 О — ТА = 25°C, Усопно 1 = -5 V, Veontrol 2 = 0 V 
Test Ports: input to RF Out 2 (OFF) | | | 2 GEN 
GHz SWR Mag Ang dB Mag Ang . dB Mag Ang SWR . Mag Ang 
0.1 12 08 -18 -65 00 45 65 00 -101 1.0 02 -154 
0.5 1.2 07 -62 -50 .00 6 -51 00 -7 1.0 .02 -115 
1.0 1.1 07 -56 -45 .01 . 90 -45 01 88 1.1 .04 -43 
1.5 1.1 06 -13 -42 .01 178 -42 01 180 1.2 .07 -0 
2.0 1.2 08 0 -39 .01 -77 -40 01 -80 1.2 11 26 
2.5 1.3 14 3 -40 .01 16 -39 01 22 1.3 14 _ 51 
3.0 1.4 17 5 -38 .01 140 -37 01 142 1.4 16 70 
3.5 1.2 09 -14 -35 .02 -130 -35 02 -132 1.3 14 . 90 
4.0 1.1 05 -91 -35 .02 -26 -35 02 -21 1.2 08 113 
4.5 1.1 03 90 -33 .02 83 -32 03 82 1.1 06 -37 
5.0 1.3 12 102 -32 .02 -173 -30 03 -174 1.3 14 . -21 
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Г/Л раскаво 


MGS-71008 
Absorptive SPDT GaAs MMIC Switch - 





Features 


e Single-Pole, Double-Throw Output 

e Broad Bandwidth: DC to 3 GHz 

e High Isolation: 37 dB Typical at 1 GHz 
e Fast Switching Time: 3 ns Typical 

e Ultra Low DC Power Consumption 

e Small Surface-Mount Plastic Package 


Description 


The MGS-71008 is a single-pole, double-throw monolithic 
GaAs MMIC switch. The J2 and J3 of the MGS-71008 are 
terminated by internal 50 Q load resistors when "off" (a reflec- 


tive version, the MGS-70008, which terminates the "off" port to 


ground, is also available). The switch is sealed in a small, 
plastic, surface-mount SO-8 package. Switching is actuated 
by a -5 V control voltage per the truth table shown on the next 
page. -3.3 V operation is also possible with some reduction in 
Pigg and ІРз. 


The MGS-71008 is designed for high volume commercial 
applications where low insertion loss, high isolation, and fast 
switching speed are required. Its low cost and high perfor- 
“mance make it suitable for a wide variety of uses such as digital 
cellular, spread spectrum, GPS, and other RF switching appli- 
cations. Refer to applications note AN-G007: for more applica- 
tion details. 


The die is fabricated using HP's nominal 0.3 micron recessed 


Schottky-barrier-gate, gold metallization, and silicon nitride round 

passivation to achieve excellent performance, uniformity, J2 

and reliability. ` бөййой 

Electrical Specifications, T4 = 25°С 
Parameters and Test Conditions* | Units | Typ. 
Control Input Current | 102 | 
Bandwidth x 


Insertion Loss 


Isolation 


VSWR Voltage Standing Wave Ration (on port) 
J1, J2 or J3 | 


VSWR 
J2 or J3 


ISW Switching Speed 
Pica Output @ 1 dB Gain Compression 


Voltage Standing Wave Ration (off port) 


3rd Order intercept 


z 
о 
(D 
o 


**Measured in a 50 Q system with Vc = -7 V 








SO-8 Package 


4.98 (0.196) _„_ 
- 4.80 (0.189) 










3.99 (0.157) 5:461 6.20 (0.244) 
3.81 (0.150) (0.215) 5.82 (0.229) 


0.48 (0.019) , 45 —= F _1.91 (0.075) 
0.28 (0.011) 1 “37 (0.054) бы: 054) 
0.20 (0.008) - 
7 10 (0.004) 
| 0 DEG. мм. _ 
E RE liim 8 DEG. MA 
0.25 (0.010 
020 (0.013) 1.27 (0.050) ат 
\ rm "6.51 (0.33) ғ 24110216) 0:10 (0000) 
(0.050) 
ТҮР. 0.178 (0.007) MIN. 
| 
МОТЕС: 6.20 (0.244) 
1. DIMENSIONS ARE IN MILLIMETERS (INCHES). 5.82 (0.229) 


2. CONTROLLING DIMENSIONS ARE IN INCHES. 
3. TOLERANCES CONFORM WITH HPM, CARSEM, 
AND JEDEC STANDARD EXCEPT AS NOTED. 


5.461 (0.215) MAX 


OUTLINE 08A 
AC Equivalent Circuit/ Pinout 


J1 





200 MHz 

1000 MHz 

2000 MHz 

2500 MHz 

3000 MHz 

200 MHz 

1000 MHz 

2000 MHz 

2500 MHz 

3000 MHz | 
DC-2000 MHz 
2000 - 3000 MHz 
DC-2000 MHz 
2000 - 3000 MHz 
1096 to 9096 
200 MHz 

1000 MHz 

2000 MHz 

200 MHz 

1000 MHz 

2000 MHz 


at ab 
rre 
eb anh 





* Measured in a 350 Q system at 1 GHz, unless otherwise specified, Vc = -5 V 


| 


MGS-71008 
Absorptive SPDT GaAs MMIC Switch : 


Absolute Maximum Ratings Typical Performance,T, = 25°C 


unless otherwise noted 


Maximum Input Power | 

















below 500 MHz | +27 dBm Е 
above 500 MHz _ +30 dBm 
Control Voltage -8.0 V 





Storage Temperature -65 to +150°С 


Notes: | 
1. Operation of this device above any one of these limits may ` 
cause permanent damage. 


Insertion Loss vs. Frequency Off Port VSWR vs.Frequency Isolation vs. Frequency 
VControl 7-5 V 2 4 VControl 2-5 V | VControl 2-5 V 


Insertion Loss, dB 
OFF Port VSWR 
Isolation, dB 





Frequency, GHz Frequency, GHz - | | Frequency, GHz 


On Port VSWR vs.Frequency Output Power vs. Frequency 
VControl 7-5 V | . VControl 7-7 V 


ON Port VSWR 
P1dB, dBm 





Frequency, GHz | n: Frequency, GHz 


MGS-71008 Truth Table (Typical Performance at 1 GHz) 


"Control input — | Insertion Loss " Ее 








MGS-71008 Typical Power Performance vs. Frequency and Control Voltage (Vc) 
(All other typical specifications remain constant.) | 


кеш» [Са а а ан | 
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MGS-71008 
Absorptive SPDT GaAs MMIC Switch 











Typical Scattering Parameters: ON Switch Port | Zo = 50 О, ТА = 25°C, Ус = -5 V 
S1 S21 $12 $22 

Freq. DEDE — 7 ee ИИ 
MHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
2 05 -18.2 -.9 .90 -5.1 -.9 .904 -5.0 .05 -14.1 
4 05 -18.3 -.9 .90 -9.4 -.9 .906 -9.2 .04 -10.1 
6 05 -20.6 -.9 .90 -13.9 -.9 898 -13.6 03 -8.2 
8 05 -18.7 -.9 .90 -18.2 -.9 898 -17.8 02 8.9 
1.0 05 -20.4 -1.0 89 -22.8 -1.0 890 -22.3 02 30.5 
1.2 06 -26.3 -1.0 89 -27.8 -1.0 893 -26.9 01 42.3 
1.4 06 -29.1 -1.0 .89 -32.7 -1.0 891 -31.5 02 55.2 
1.6 07 -38.1 -1.1 188 -37.5 -1.0 88 -36.3 02 59,1 
1.8 06 -46.4 -1.1 88 -42.4 -1.1 884 -41.5 01 19.1 
2.0 06 -63.8 -1.2 87 -47.8 -1.1 879 -46.6 01 -75.6 
2.2 06 -82.3 -1.2 87 -53.5 -1.2 .871 -52.2 03 -103.5 
2.4 07 -109.8 -1.3 186 -58.5 -1.2 867 -57.8 05 -115.3 
2.6 08 -128.7 -1.4 85 -63.2 -1.4 851 -62.9 08 -126.2 
2.8 11 -153.4 -1.5 184 -68.7 -1.5 838 -70.0 11 -134.4 
3.0 14 -169.6 -1.6 83 -74.0 -2.0 ‚791 -76.5 16 -144.1 
3.2 20 178.3 -2.0 ‚79 -80.3 -2.5 746 -82.8 20 -152.8 
3.4 26 167.7 -2.3 77 -83.8 -8.1 700 -87.2 26 -163.4 
3.6 31 154.5 — -2.4 76 -87.3 -3.3 686 -93.8 ‚29 -168.1 
3.8 40 152.0 -2.5 ‚75 -90.3 -4.0 632 -99.3 .37 -169.7 
4.0 51 145.4 -3.0 71 -100.2 -4.6 588 -99.6 37 167.2 
4.2 63 139.5 -3.3 .68 -101.6 -5.4 534 -101.6 43 168.5 
4.4 82 133.0 -3.1 70 -103.8 -6.1 498 -104.6 46 162.7 

тл ус сос о о ооо о оо сыыс л лл а лл ле лл ав ВЫ ааа 

Typical Scattering Parameters: OFF Switch Port Zo = 50 Q , Ta = 25°C, Ус = -5 V 

S1 S21 S12 S22 

Freq. — чм. ССИ С—С 
MHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang 
2 06 -9.8 -52.0 .00 73.6 -46.0 ‚005 74.7 .01 146.5 
4 05 0.0 -42.4 .01 94.8 -41.9 .008 95.5 03 130.7 
6 05 27.3 -36.4 02 113.0 -36.5 015 113.7 05 125.1 
8 06 20.7 -35.2 02 92.3 -35.4 017 93.0 07 116.9 
1.0 06 21.7 -33.7 02 106.1 -33.6 021 107.1 08 115.7 
1.2 07 20.6 -31.4 03 114.5 -32.0 025 164 10 114.8 
1.4 08 15.7 -30.5 03 122.9 -29.1 035 125.5 12 114.6 
1.6 08 -5.6 -28.0 .04 112.0 -27.7 041 114.2 14 116.3 
1.8 08 -11.8 -26.0 05 122.0 -26.2 049 124.9 16 115.2 
2.0 07 -17.0 -24.4 .06 121.9 -24.2 062 125.4 18 117.1 
2.2 .08 -24.6 -21.9 .08 124.3 -22.3 077 128.3 21 118.5 
2.4 07 -40.0 -20.9 09 119.5 -20.4 095 123.5 23 117.9 
2.6 06 -46.7 -20.0 10 119.4 -19.6 105 124.0 25 117.8 
2.8 .05 -66.2 -18.4 12 119.0 -17.8 129 122.9 27 117.9 
3.0 .05 -112.4 -16.5 15 116.5 -16.1 157 119.7 .30 118.0 
3.2 .08 -158.0 -15.4 17 111.0 -14.4 191 113.1 32 116.2 
3.4 16 170.2 -14.4 .19 100.7 -13.8 204 100.3 .33 119.8 
3.6 23 158.7 -13.6 21 100.8 -13.0 223 96.7 135 120.5 
3.8 134 146.0 -12.4 24 97.3 -12.8 ‚229 90.9 .36 124.0 
4.0 45 138.0 -11.4 27 83.0 -11.7 260 78.3 .33 113.0 
4.2 54 129.9 -12.0 ‚25 82.7 -12.6 234 78.8 .39 120.7 
4.4 .65 125.4 -10.8 ‚29 81.1 -11.9 253 74.5 39 116.1 
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High Speed Digital 
Communications 
Products 

Each device type in this family 
was developed using one of the 
high performance, silicon 
bipolar processes available 
within Hewlett-Packard. The 
performance requirements of 
each device is matched to the 


most appropriate process. This 


offers a superior blend of 
reliability, performance, and 
manufacturability. Hewlett- 
Packard's silicon bipolar 
processes are capable of sub- 
micron dimensions, and an f, as 
high as 25 GHz. | 


Products in this family operate 


at data rates as high as 2.8 
Gbps, and cover many standard 


10-2 


rates for telecom and datacom 
systems. Product complexity 
varies from basic building block 
ICs such as laser drivers, | 
transimpedance amplifier, 
variable gain control amplifiers, 
decision circuits, and retiming 


. circuits, to that of complete 


gigabit rate, subsystem ICs and | 
fiber channel interface cards. 


High Speed Digital Communications | 
Variable Gain Control Amplifiers (Typical Specifications at +25°С Case Temperature) i 


| Gain 3 dB Supply |Device 
Part Gp Control Range |Bandwidth | Pigg @  |Voltage |Current 

Number (dB) (dB) (GHz) 0.5 GHz v) (mA) Package Page 

| IMA-05200 | 300050 | 30905GHz | 15 | -3 | 5 | 35 јар | 1010 — 
1МА-05118(81 | 309 0.5 GHz | 30@0.5 GHz 180 mil SM 10-98 

ІМА-05218/81 | 309 0.5 GHz | 30905GHz. | 180 mil SM 10-104 

IVA-05208 30@0.5GHz | 30@0.5 GHz SO-8 SM plastic 10-102 

HPVA-0180 | 21 @0.3 СН2 | 2090.3 GHz | SO-8 SM plastic 10-78 


249 1.0GHz | 34@ 10 GHz 38 [5085М plastice | 10-106 
_ | 24@10GHz | 349 1.0 GHz 3.8 180 mil hermetic SM 10-106 


№А-14208 | 
IVA-14228 











| Transimpedance Amplifiers (Typical Specifications at +25°С Case Temperature) 


Input Current Supply Device 
Part Data Rate Bandwidth Noise Voltage | Current | 
Number (Gb/s) (GHz) (pA/VHz) (V) _ (mA) Package Page 
4200 chip 10-94 
2 
, | 


ITA-12318 _ 075 200 180 mil SM 10-94 


Decision Circuits (Typical Specifications at +25°С Ambient Temperature) 


ñ Maximum | Amplitude | Phase | Data при | 
Рай — Rate _ Margin Margin | Amplitude t 
Number (Gb/s) (mV) (ps) - (mVp-p) (ps) | Package Page 


HDMP-2003 115 370 120 90 НВС-0.5" SM 10-35 
HDMP-2004 90 190 120 90 НВІС-0.5" SM 10-35/113 
HDMP-2006 130 800 200 200 SOIC-8 SM hermetic 10-46/114 


IDC-51418 180 mil SM 


Data and Clock Recovery Circuit (Typical Specifications at +25°C Ambient Temperature) 


Clock & 
Data Rise & 
Part Data Rate | Lock Time Fall Time Generation 


Number (Mb/s) (ms) (ps) (per rms) 
НОМР-2501 





Note: 
[а] МА-05118 is single-ended input and IVA-05218 is differential input. 
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High Speed Digital Communications (cont.) ` EE 
Laser Driver (Typical Specifications at +25°C Ambient Temperature) > 


с mm . .. | Prebias | Modulation | Input 3 T 
Part DataRate | Bandwidth | Current Current | VSWR | 
Number (Gb/s) | (GHz) | (m) | (m) | a , | Package 


















Gigabit Rate Transmit Receive Chip Set 
Part Ш . | ЖЕГІН : 
Number Package . Page 


НОМР-1000* ceramic quad flat pack 10-5 
| (CQFP) 


_*НОМР-1000 is the Tx/Rx pair. The transmitter chip can be ordered separately as the HDMP-1002; the receiver аз the HDMP-1004. ^  .- 





è 4 







| Description 


Transmitter Receiver Chip set, Parallel data (16, 17, 20, or 21 bits wide) 
1$ loaded into the Tx and delivered to the Rx over optical fiber or coax 
cable. Contains encoding, mux, clock extraction, demux, and decoding. 


Gigabit Rate Transmit Receive Chipset Evaluation Board. Evaluation 
board; literature. — . . . Е | 














Fiber Channel Optical Link Card 















| Part Data Rate | Wavelength | - EE ü | 
Number (Mbaud/s) | А (nm) | Description Page 
HOLC-0266 780 Transmitter/Receiver card which implements the emerging ANSI X3T9.3 10-63 
Fiber Channel Standard (FC-O layer). Contains all functions necessary 7 | 
| “for sending 10-bit wide encoded data serially. SC connectors. | | 
| HOLC-K266 780 | Evaluation kit. Two HOLC-0266 cards; 4m SC duplex 50/125 рт cable; — | 10-77 
| | ‘| electrical connectors; literature. ^. ^ "TAN "E | 





fv 
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Gigabit Rate Transmit 


Receive Chip Set 


Technical Data 


Features 

e Transparent, Extended 
Ribbon Cable Replacement 

° High-Speed Serial Rate 
110-1400 MBaud 

e Standard 100K ECL 
Interface 
16, 17, 20, or 21 Bits Wide 


e Reliable Monolithic Silicon 
Bipolar Implementation 
• On-chip Phase-Locked 
Loops 
— Transmit Clock 
Generation 
— Receive Clock Extraction | 


Applications 

° Point to Point Data Links 

е Implement SCI-FI 
Standard 

° Implement Serial HIPPI 
Specification 

е Backplane Extender 


Description 

The HDMP-1002 transmitter 
and the HDMP-1004 receiver 
are used to build a high speed 
data link for point to point 
communication. The HDMP- 
1000 consists of one HDMP- 
1002 and one HDMP-1004. The 
monolithic silicon bipolar 
transmitter chip and receiver 
chip are each provided in a 


standard, 68 pin, ceramic quad 
flat pack (СЕР). 


From the user’s viewpoint, these 


products сап be thought of as 


providing a “virtual ribbon 
cable” interface for the trans- 
mission of data. Parallel data 
loaded into the Tx (transmitter) 
chip is delivered to the Rx 
(receiver) chip over a serial 
channel, which can be either a 
coaxial copper cable or optical 
link. 


The chip set hides from the user 
all the complexity of encoding, 
multiplexing, clock extraction, 
demultiplexing and decoding. 
Unlike other links, the phase- 
locked-loop clock extraction 
circuit also transparently 
provides for frame synchroniza- 
tion - the user is not troubled 
with the periodic insertion of 
frame synchronization words. In 
addition, the dc balance of the 


line code is automatically таіп- 


tained by the chip set. Thus, the 
user can transmit arbitrary 
data without restriction. The Rx 
chip also includes a state- 
machine controller (SMC) that 
provides a startup handshake 
protocol for the duplex link 
configuration. 
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НОМР-1000 Tx/Rx Pair 

HDMP-1002 
Transmitter 

НОМР-1004 Receiver 


| Package Outline 





PIN VIEW 


The serial data rate of the T/R 
link is selectable in four ranges ` 


(see tables on page 3), and 
extends from 110Mbits/s up to 


1.4Gbits/s. The parallel data 
interface is 16 or 20 bit single- 
ended ECL, pin selectable. A 
flag bit is available and can be 
used as an extra 17th or 21st bit 
under the user's control. The 
flag bit can also be used as an 
even or odd frame indicator for 
dual-frame transmission. If not 
used, the link performs 
expanded error detection. The 
serial link is synchronous, and 
both frame synchronization and 
bit synchronization are 
maintained. When data is not 
available to send, the link 





maintains synchronization by User control words are sup- 


transmitting fill frames. Two ported. If CAV* is asserted at ` 
(training) fill frames are the Tx chip, the least significant 
reserved for handshaking 14 or 18 bits of the data are sent 
during link startup. and the Rx CAV* line will indi- 


cate the data as a control word. 


ч | | 
PORT 1 | | PORT 2 










CLOCK | | > CLOCK 






DATA IN Tx 


DATA OUT 





SERIAL 
CHANNELS 


DATA OUT 
CLOCK 


DATA IN 


CLOCK 
Figure 1. Point-to-Point Gigabit Data Link. 


HDMP-1002 (Tx), HDMP-1004 (Rx) 
Absolute Maximum Ratings 


T. = 25°C, except as specified. Operation in excess of any one of these conditions may result in 
permanent damage to this device. | 


Ver Supply Voltage 


Утм Ест, 


V 
VIN BBL .. H50 Input Voltage V 
°C 


3 

>ш 

©, 

e. | 
C 
| >| = 
рее 
€ 
£ 
еф 

| қ 

AME 
Ë 

Ф eb 

5 





Io EcL ECL Output Source Current |^ mA | | . | | | _ 
Junction Temperature | © | 40 | aw 
°C 


Maximum Assembly Temperature _ 4260 x | 
(for 10 seconds maximum) P ы. 


T; 
T пах 
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НОМР-1002 (Tx), HDMP-1004 (Rx) | 
Guaranteed Operating Rates For 16 Bit Mode!!! 
T. = 0°C to +85°C, Vgg = -4.5 V to -5.5 V RE LS 
| Parallel Word Rate Serial Data Rate Serial Baud Rate 
(Mbit/sec) (MBaud) ` 





(Мы зе) = 
| Mim. | Max | Min | Мах | Min. _ 
| o | 45 | 6 | 6 | 100 | 850 | 130 | 
"Ті | ums | a | w E AN 


Note: | | 
1. Extended operating rates to 1520 MBaud/sec (typ) are possible for T, = 0°C to +55°C. 


НОМР-1002 (Tx), HDMP-1004 (Rx) 

Guaranteed Operating Rates For 20 Bit Mode!!! 
T. = 0°С to +85°С, Ver = -4.5 V to -5.5 У | 

Parallel Word Rate 


, 





Note: Е | 
1. Extended operating rates to 1640 MBaud/sec (typ) are possible for T, = 0°С to +55°С. 
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HDMP-1002 (Tx), HDMP-1004 (Rx) 
DC Electrical Specifications | 
Т, = 0°С {о +85°С, Уско = Ground, VEE = -4.5 V to -5.5 V 


Symbol 


Уінесі, 


Parameter . 


ЕСІ, Input High Voltage Level, | 
Guaranteed high signal for all inputs 


ECL Input Low Voltage Level, | 
Guaranteed low signal for all inputs | 


ECL Output High Voltage Level, | 
Terminated with 300 Q to-2.0V ` 


ECL Output Low Voltage Level, 


Уос, 
Terminated with 300 Q to -2.0V 0 | | | | 
H50 Input Peak-to-Peak Voltage [20 | 
Уон ви, BLL Output High Voltage Level, 
Terminated with 50 Q to -1.3 V 
Vouel | BLL Output Low Voltage Level, | 
| Terminated with 50 Q to -1.3 V 
BLL Output Peak-to-Peak Voltage, 
Terminated with 50 Q, ac coupled 
| with HCLKSEL off, Ver = -5.0 V, Т. = 25°C 
Receiver Veg Supply Current, | 
Ver = -5.0 V, T. = 25°С | 































Уор BLL | 



















HDMP-1002 (Tx), HDMP-1004 (Rx) 
AC Electrical Specifications, T. = 25°C 


Symbol | Parameter | Unit 
ECL Rise Time, (20-80%), Terminated with 300 Q to -2.0 V nsec 
У |nse 

ВІЛ, 
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HDMP-1002 (Tx) 
Timing Characteristics 
Т, = 0°C to +85°C, Vgg = -4.5 V to -5.5 V 


Setup Time, for Rising Edge of STRBIN Relative to 
Do-Djg, ED, FF, DAV*, САУ“, and FLAG 


| Hold Time, for Rising Edge of STRBIN Relative to 
| 0,-0}о, ED, FF, DAV*, САУ”, апа FLAG | | 


Delay Time, from Rising Edge of STRBIN to First 
Data Bit Out (Do) 





HDMP-1004 (Rx) 
bn Characteristics 


= 0°C to +85°C 
‘Symbol i ae ee 
“ae ee 773 Жей ИИ 
ИИ c ЖИНА CEU ЕТІ ИШЕ 


НОМР-1002 (Tx), HDMP-1004 (Вх) 
Typical а. d E T, = 25°C 


Note: 
1. Measured in Local Loop-Back mode with the state machine engaged and 0 cable length. 


HDMP-1002 (Tx) 
Thermal Characteristics, T, = 25°С 


[Parameter | ым [тж 
Thermal Resistance Die to Case °C/Watt 






HDMP-1004 (Rx) 
Thermal Characteristics, T, = 25°C 
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I/O Type Definitions 
I/O Type | Definition 


Input ECL. Similar to 100K ECL, but with pull-down. Thus, if the input is left 
unconnected, the buffer generates a default value of "0". The input can also be directly 
connected to ground to generate a т, 


Output ECL. Similar to 100K ECL but should be terminated with RTT 2300 О, and do 
not exceed 10 cm connection distance. | | 


IT-ECL | Input Test ECL. Can be turned off when not used. 


OT-ECL | Output Test ECL. Can be turned off when not used. 


O-BLL | 50 buffer line logic output driver. Will put out ECL levels if terminated with 50 Q to 
-1.3 V, otherwise can be AC coupled to drive any 50 О loads. It can also drive the I-H50 
inputs through differential direct coupling. Note: all unused outputs should be 

terminated with 50 © to ground. 


Input with internal 50 Q terminations. Input is diode level shifted so that it can swing 
around ground. Can be driven with single-end configuration. Commonly used with input 
single-end AC coupling from an O-BLL driver or another 50 Q source, or differential 
direct coupling from an O-BLL driver. | | 


Filter capacitor node. 
S Power supply or ground. 






































O-ECL | | I-ECL 

| ECLGND | 

| WV | 

| | 

| | 

| >100 ОНМ LINE | 

| <10 CM | | 800 Vpb 

| | | -1.3 V 
45 uA (y | RTT = 300 | 16 K 
| | Q 
VEE | VTT=-2V | -19V VEE 
| | 


HGND 


| : VEE 
e$ 5% | 99 ()овѕтд 
50 OHM LINE 
| У mh 
| | | 
| | 
| $90 | 
Д P ">| 
| V | 
| | 
| | 
| | | 


| 
| 
| 
v! 
| 
| 
| 
| 


(1) 28 mA 
VEE 


Figure 3. O-BLL and I-H50 Simplified Circuit Schematic. 
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FLAGSEL 
EHCLKSEL 


RFD 
M20SEL 
DIVO 
DIV1 
M20SEL 


= 
6 
= 
o 


- MDFSEL 








D 


















„г Li PLL/CLOCK 
E | | CONTROL pisei GENERATOR 
M" | |  LOGIC — | 
pe | LI + EN EE CAPI 
É | Í C-FIELD | |. 
гл р ПИ в вах 
F - SE LOCKED 
ЕСЕ | се i z u - | 
a ў Е | | = : | 
00-019 | | D-FIELD | | FRAME | „| 2 = output [* POUT 
| ENCODER | | [7 
Made | „| MUX < SELECT | от 
INV LOOPEN 


Figure 4. HDMP-1002 (Transmitter) Block Diagram. 


о 

о. б 
о >ЛЕошокошже u 
> w - w 
6299222Pu8585868585*7 
OH) a еерее 





| 1[51[6 (7 (| o |һ0|11|121113|14|15|16)17 
uo Q-2--)8251u1002020 
Ww uz u uus шш? u > 
& ш. 0° G Ó V Q @ Ф < < бо 
x 3 @ O £ 9 Ó O O -2 
O W e 2 “= ul 
à 56 ё 


Figure 5. HDMP-1002 Package Layout, Pin View. 
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Tx I/O Definition 
Signal 
Data Inputs: 20 Bit data is encoded and transmitted when 
| M20SEL is active; otherwise the 16 least significant bits are 
| encoded and transmitted. The encoded bits are transmitted LSB 


first, e.g.: DO is sent first, through to either D15 or D19, followed by 
the 4 coding bits C0-C3. | 





Extra Flag Bit: When FLAGSEL is active, this input is sent as an 
extra data bit in addition to the normal Data inputs. When 
FLAGSEL is not Asserted, this input is ignored and the transmitted 
Flag bit is internally alternated to allow the Rx chip to perform 
enhanced frame error detection. 


Data Available Input: This active-low input tells the chip that the 
| user has valid data to be transmitted. This pin should be asserted | 
only after the user has determined that the RFD line is active for a 
given frame cycle. When this pin is asserted, the information on the 
Data and Flag inputs is encoded and sent as а Data frame. | 


Control Word Available Input: This active-low input tells the 
| chip that the user is requesting a control word be transmitted. This 
pin should only be asserted after the user has determined the RFD 
line is active for a given frame cycle. When this pin is asserted, the 
| information on the Data inputs is sent as a control frame. If CAV 

and DAV are asserted simultaneously, CAV takes precedence. 


x Ready for Data: Output to tell the user the Link is ready to 
transmit data. This pin is a retimed version of the ED input, which 


| 16 | O-ECL 
| | is driven by the Rx chip state machine controller. 


STRBIN 66 | І-Н50 | Data Clock Input: When EHCLKSEL is low, this input is phase 
STRBIN* 65 | locked and multiplied to generate the high speed serial clock. The 
| chip expects a clock frequency which is equal to the input frame rate 

if MDFSEL (double frame mode) is low, and 1/2 the frame rate if 
MDFSEL is high. When EHCLKSEL is high, the PLL is bypassed, 
and STRBIN directly becomes the high speed serial clock. In all 
cases, STRBOUT is derived from the high speed serial clock, and the 
input data is latched in on the rising edge of STRBOUT. 







FLAG І-ЕСІ, 
i 


CAV* 12 | I-ECL 
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Tx IO Definition (cont'd.) 


[Name [Pin] Type 


O-ECL 


| DOUT о | 56 | O-BLL 

|. DOUT* 55 

LOUT | 59 
LOUT* 58 | 
LOOPEN LECL | 












Frame-rate Data Clock Output: This output is always a frame 
rate clock derived from STRBIN. Input data is latched on the rising | 
edge of STRBOUT. With a buffer or pulled down with a 1 K resistor 
to Veg and ac-coupled, this output is ideal for triggering an 
oscilloscope for examining the serial output eye pattern DOUT 

or LOUT. 


Normal Serial Data Output: Output used when LOOPEN is not 
active. This output is a special buffer line logic driver which is a 500 
back-terminated ECL compatible output. 


Loop Back Serial Data Output: Output used when LOOPEN is 
active. Typically, this output will be used to drive the LIN, LIN* 
inputs of the Rx chip. 


Loop Back Control: Input which controls whether the DOUT, 
DOUT* or the LOUT, LOUT* outputs are currently enabled. If 
active, LOUT, LOUT* are enabled. The unused output is powered 
down to reduce dissipation. 


Flat Bit Mode Select: When this input is high, the extra FLAG bit 
input is sent as an extra transparent data bit. Otherwise, the FLAG 
input is ignored and the transmitted flag bit is internally alternated 
by the transmitter. The Rx chip can provide enhanced frame error 
detection by checking for strict alternation of the flag bit during data 
frames. The FLAGSEL input on the Rx chip should be set to the 
same value as the Tx FLAGSEL input. 


16 or 20 Bit Word Select: When this signal is high, the link 
operates in 20 Bit data transmission mode. Otherwise, the link 
operates in 16 Bit mode. 


Select Double Frame Mode: When this signal is high, the PLL 
expects a 1/2 speed parallel clock at STRBIN. The chip then 
internally multiplies this clock and produces a full-rate parallel 
clock at STRBOUT. This feature is provided so that either a 40 bit or 
32 bit word can be easily transmitted as two 20, or two 16 bit words. | 
When MDFSEL is low, the PLL expects a full-rate parallel clock at 
STRBIN, and returns a locked replica of STRBIN on the STRBOUT 
pin. In both modes Data is latched on the rising edge of STRBOUT. 


VCO Divider Select: These two pins program the VCO divider 
chain to operate at full speed, half speed, quarter speed, or one- 
eighth speed. 


























FLAGSEL 










I-ECL 


I-ECL | 


| І-ЕСІ, 


M20SEL 















| MDFSEL 





Chip Reset: This active-low pin initializes the internal chip 
registers. It should be asserted during power up for a minimum of 
5 parallel-rate clock cycles to ensure a complete reset. 


Enable Data: This signal comes from the Rx chip state machine and 
is used to control the RFD output of the Tx chip. The state machine 
only allows data to be enabled when both sides of the link have 

established stable lock. 
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Tx ПО Definition (cont'd.) 


NG. W Mu 
| | LECL | Fill Frame Select: When neither CAV or DAV i is asserted, or when 

x | ED is false, fill frames are automatically transmitted to allow the 

| Rx chip to maintain lock. The type of fill frame sent is determined 

| by the state of this pin. FFOs are sent if low, and either FF1a or 

| FF 1b is sent if FF is high. The choice of FF1a or FF1b is determined 
by the state of the cumulative line DC balance. 


| Loop In-lock Indication: This signal indicates the lock status of 
| the Tx PLL. A high value indicates lock. This signal is normally 


connected to the SMTRSTI reset input of the Rx state machine to 
force the link into the start-up state until the Tx PLL has locked. 
O- ECL 


This signal may give multiple false-lock indications during the 
acquisition process, so should be debounced if it is used for any other 
же p 
| HCLKON | И LECL | 


purpose than to drive the Rx chip. 
| HCLK O-BLL 
| HCLK* 


EHCLKSEL | 







































Loop Filter Capacitor: A loop filter capacitor may Е 9 
across the CAPO апа САРІ inputs to increase the loop time 
constant. The packaged part contains a nominal capacitance 

| internally so that under normal conditions no external capacitor i is 
required. 


Invert Signal: A high value of INV implies that the current frame 
is being sent inverted to maintain long-term DC balance. With a 

| buffer, or pulled down with a ІК resistor to Урр and ac coupled, this 
| signal is useful as an aid to analyzing the serial output stream with 
| an oscilloscope. 













Ге 
| 68 





Temperature Sense Diode: Used during wafer and package test 
only. It should be left open otherwise. 


HCLK Power-down Control: When this pin i is de- asserted, the 
HCLK, HCLK* outputs are powered down to reduce power 
| dissipation. 


| High Speed Clock Monitor: Used to monitor actual clock signal 
used to transmit the serial data. This signal will either be the 

divided VCO output, or the divided external clock input, depending 
on the value of the EHCLKSEL input. 


EHCLK Enable: When active, this input causes the STRBIN inputs | 
| to be used for the transmit serial clock, rather than the internal | 
VCO clock. This is useful for generating extremely low jitter test 
signals, or for operating the link at speeds that are not within the 
VCO range. When the EHCLKSEL is active, it is necessary for the 
| data source to take its clock from the link rather than the usual 
operation where the Linx phase-locks onto the data source clock. 



























| Ground: Normally 0 volts. This ground is used for everything 
| other than the noisy ECL көнек 
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Tx ГО Definition (cont'd.) 


Name |Ріп Type | Sema 
















HGND 67 High Speed Ground: Normally 0 volts. This ground is used to 
provide a clean reference for STRBIN and STRBIN* inputs. For 
| optimum impedance matching, it is suggested that the physical 
| distance between this pin and the ground plane be minimized. 
ECLGND 43 ECL Ground: Normally 0 volts. This ground is used for the | 
15 ECL pad drivers. For best performance it is suggested that ` 
5 | coupling of the noisy ECLGND to the clean GND and HGND 
grounds be minimized. 
V EE 52 Power: Normally -5 V + 10%. 
35 
18 
о | 





DIN | | 
INPUT | INPUT D-FIELD D(0-19) 
LOOPEN SELECT SAMPLER DECODER 
EQEN | 
FLAG 
FDIS PH-FQ C-FIELD DAV CRV FF 
| DET DECODER ERROR 


PHI | — FLAGSEL 


CA ES | 
T CLOCK | | . | . LINKRDY 
ете GENERATOR STATE | STATI 
| | oo | MACHINE 
CAP1 | STATO 
| — ACTIVE 





SMTRSTO 
SMTRST1 


CLOCK | 
| SELECT | | | 
— = STRBOUT 


x 
M20SEL —e = E 





DIV1 
DIVO 

BCLK - 
NCLK 
FCLK 


Figure 6. HDMP-1004 (Receiver) Block Diagram. 
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TCLKSEL 
BCLK 
BCLK* 
DIV1 

DIVO 
CAP1 


5 

5 
> (ЕПЕЛЕЛЕЛЕЛЕЛЕГ ТЕЛЕПЕЛЕЛЕЛЕЛЕЛЕЛЕ 
=] ЕЕ ГБ ГЕ P IE] IS] БГ Г Г, 





Figure 7. HDMP-1004 (Rx) Package Layout, Pin View. 


Rx I/O Definition 


7 Signal 
Normal Serial Data Input: This is the input used when LOOPEN 
is not active. When LOOPEN is high, the loop back data inputs 
LIN, ЫМ“ are used instead. An optional cable equalizer may be 
enabled for the DIN, DIN* inputs by asserting EQEN. | 


Loop Back Serial Data Input: Use this input when LOOPEN is 
active. Unlike the DIN, DIN* inputs, this input does not have a 
cable equalizer. In normal usage, this input will be connected to 
the Tx chip LOUT, LOUT* outputs. This allows the user to check 
the near-end functionality of the Tx and Rx pair independent of the 
transmission medium. 





















Loop Back Control: When asserted, this signal causes the loop 
back inputs LIN, LIN* to be used instead of the normal data inputs 
DIN, DIN*. 


Enable Input for Cable Equalization: When asserted, this signal 
activates the cable equalization amplifier on the DIN, DIN* 
serial data inputs. | 





LOOPEN І-ЕСІ, 
ЕОЕМ Ы І-ЕСІ, 
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Rx ГО Definition (cont'd.) 


mes илы — — — — Sind — — ——— 


10 |O-ECL |Data Outputs: 20 Bit data is received and decoded when M20SEL 
is active; otherwise 16 bit data 1 is decoded and the D16-D19 bits are 
undefined. 












Flag Bit: If both Tx and Rx have FLAGSEL asserted, this 
output indicates the value of the transmitted flag bit, then this 
received bit can be treated just like an extra data bit. If both 

Tx and Rx have FLAGSEL set to low, FLAG is used to differentiate 
the even frame from the odd frame in the line code. 








LINKRDY* | O-ECL 





Link Ready Indicator: This active-low output is a retimed version 
of the ACTIVE input. ACTIVE is normally driven by the Rx state 
machine output. LINKRDY then indicates that the startup sequence 
is complete and that the data and control indications are valid. _ 


Data Available Output: This active-low output indicates that the 
Rx chip data outputs are received Data frames. Data should be 
latched on the rising edge of STRBOUT. Note that during link 
startup, false data indications may be given. If the user is concerned 
about this possibility, then the DAV indication should be combined 
with the LINKRDY output before being used. 


Control Frame Available Output: This active-low output 
indicates that the Rx chip data outputs are receiving Control 
Frames. False CAV indications may be generated during link © 
startup. 


Fill Frame Status: During a given STRBOUT clock cycle, if neither 
DAV, CAV, or ERROR are active, then the currently received frame 
isa Fill frame. The type of Fill frame received is indicated by the FF 
pin. If FF is low, then FFO has been received. If FF is high, then 
either FF1a or FF1b has been received. 


Received Data Error: Asserted when a frame is received that does. 
not correspond to either a valid Data, Control, or Fill frame 
encoding. When FLAGSEL is not active, the Rx chip also tests for 
strict alternation of flag bits during data frames. A flag bit 
alternation error will also cause an ERROR indication. 
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Rx I/O Definition (cont'd.) 


FLAGSEL 








Recovered Frame-rate Data Clock Output: This output | is the : 

PLL recovered frame rate clock. 00-019, FLAG, DAV САУ ЕЕ, | 
LINKRDY, and ERROR should all be latched on the rising edge of - 
STRBOUT. 


Flag Bit Mode Select: When this Tue is high, the extra FLAG 
bit output is effectively an extra transparent data bit. Otherwise, the 
FLAG bit is checked for alternation during data frames. Any break і in|. 
strict alternation results in an ERROR indication to the user. 


16 or 20 Bit Word Select: When this signal is high, the link 
| operates i in 20 Bit data reception mode. Otherwise, the link они 
in 16 Bit mode and data outputs D16-D19 are undefined. 


VCO Divider Select: These two pins program the УСО divider 
chain to operate at full speed, half speed, quarter speed or one- е" 
speed. 


















 M20SEL 
DIVO 
DIV1 







Frequency Detector Disable Input: When active, this input 
disables the Rx PLL Frequency detector and enables a phase 
detector. The Frequency detector is used during the start-up 
sequence to acquire wide-band lock on Fill Frames, but must be 

| disabled prior to sending data patterns. This input is normally | 
| controlled by the Rx state machine. | 


| Chip Enable: This input is normally driven by the Rx state 

machine output. The ACTIVE signal is internally retimed by 
STRBOUT and presented to the user as the LINKRKDY signal. 

. |This is how the Rx state machine а the user that the start-up. 

. |sequence is complete. 





















State Machine Reset Inputs: Each of these сы input pins 
reset the Rx state machine to the initial start-up state. This 
initiates a complete PLL restart and handshake at both ends of the 
duplex link. Normally, SMCRSTO* is connected to a power-up reset 
circuit or a host system reset signal. The SMCRST1* input is 
normally connected to the Tx LOCKED output. The LOCKED 

signal holds the state-machine i in the start-up state until the 

Tx PLL is locked. 


State Machine Status Outputs: These outputs indicate the 
current state-machine state. They are used to directly control the 
Tx ED, Tx FF, Rx FDIS, and Rx ACTIVE lines. 


Loop Filter Capacitor: A loop filter capacitor may be connected 
across the CAPO and САРІ inputs to increase the loop time 
constant. The packaged part contains a nominal capacitance 
internally so that under normal conditions no external capacitor is 
required. Each package pin is split into two die pads: suffixed "D" 
| for drive and "S" for sense. This enables a four-point probe 
arrangement to be used to reduce noise in the loop. 





 SMCRSTO* 
SMCRST1* 






















STATO 
STAT1 
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Rx VO Definition ч 


эк ЕСТ, Phase Detector Test Output: The output from the phase/ 

| | frequency detector in the Rx PLL. When PHI is high, the VCO 
should increase frequency. If low, the VCO should decrease 
frequency. | 















NCLK + 0- ECL Nibble Clock Monitor: Leave unterminated in normal use. 


Frame Clock Monitor: Leave unterminated in normal use. — x 
TEMP Temperature Sense Diode: Used during wafer and package test | 
only. It should be left open otherwise. 
BCLK 0- BLL VCO Monitor Output: These pins provide access to the internal. | 
BCLK* | VCO clock. | 


Enable Test Clock Input: When this input is active, the TCLK, 
TCLK* inputs are used in place of the normal VCO signal. This 
feature is useful both for synchronous systems and for chip testing. 

TCLK 61 
TCLK* 62 
17 | 
34 
51 
a M 
























effectively disabling the PLL and allowing the user to provide an 
external retiming clock for testing. 


Ground: Normally 0 volts. This ground is used for all the core 
logic other than the output drivers. 








High Speed Ground: Normally 0 volts. This ground is used to 
provide clean references for the high speed DIN, DIN*, LIN, LIN*, 
TCLK, TCLK* inputs. 


ECL Ground: Normally 0 volts. This ground is used for the ECL 
pad drivers. For best performance it is suggested that 

coupling of the noisy ECLGND to the clean GND and HGND 
grounds be minimized. 


Power: Normally -5 V + 10% 











External УСО Replacement Test Clock: When TCLKSEL 
ECLGND 9 
26 
43 


is enabled, this input is used in place of the normal VCO signal, 
2 
8 
18 
35 
44 
52 





5 B Pins Not Connected: Pins that are not used, or are reserved 
6 for future use. No connection should be made to any of these 
7 signals to ensure compatibility with future releases. 
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HDMP-1002 (Tx) eg 


Figure 8 shows the Tx timing | 
diagram. Under normal opera- 
tion, the Tx PLL locks to the 
STRBIN input with an internal 
frame clock. This frame clock is 
buffered to form STRBOUT 
with a delay of AT trp. For the 
case when MDFSEL is low, 
INFRMCLKÉ is a phase locked 
version of STRBIN. If MDFSEL 
is high, it is assumed that 
STRBIN is a one half frame rate 
clock and ТМЕВМСГК is twice 
the frequency of STRBIN. If 


STRBIN 


STRBIN 


EHCLKSEL is high, the Tx uses 
the external high-speed clock 
from STRBIN instead of its 


internal VCO, and generates 


the appropriate INFRMCLK ` 


` from the STRBIN inputs. When | 


M20SEL is high, INFRMCLK is 


_ V24th the frequency of HCLK. 


When M20SEL is low, _ 
INFRMCLK is 1/20th the 
frequency of HCLK. 


The input signals, 00-019, ED, 


‘FF, CAV*, DAV*, and FLAG are | 
latched on the rising edge of | 


INFRMCLE: These inputs must 
be valid for the set-up time (t) 
before the rising edge and for 
the hold time (t) after the 
rising edge of INFRMCLK. 


The start of a frame in the high 
` Speed serial output occurs after 


a delay of (t4) after the rising 


. edge of INFRMCLK. 


The LOCKED output will stay 
low for atleast 2 frame rate | 
clock cycles when lock is lost. 


MDFSEL = L | Г - | | 


MDFSEL = H ТІ 
STRBOUT | | | | | | 





00-019 | | E: | | 
DF ХУСУ) (ХХХХХХХХХХУ) 
FLAG | | 
а 4--- „| 
HCLK | | | | 
DOUT АХХАХААХАХАХХ ХХ ХХХ ХХ ХХ 


—— D-FIELD 


"i P= 


Figure 8. HDMP-1002 (Tx) Timing Diagram. 
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| C-FIELD | 


HDMP-1004 (Rx) Timing 
Figure 9 is the Rx timing dia- 
gram when the internal phase- 
locked loop is in synchronization 
with the incoming serial data. 
When the PLL is locked, the 
BCLK’s frequency is the same 
as the input data rate. The 
nibble clock, NCLK, is derived 
from the BCLK and a divide-by- 
4 divider. The size of the input 
data frame can be either 24 bits 
(6 nibbles) or 20 bits (5 nibbles), 


depending on the setting of 
M20SEL. Whatever the frame 
size, the ЕСІК rising edge is | 
located at the frame’s boundary, 
while the falling edge is at the 
frame’s center. STRBOUT is an 
inverted version of FCLK. 


In Figure 9, the Synchronous | 
Outputs are the Rx’s output 
signals clocked by STRBOUT. 
They are LINKRDY*, FLAG, 
DAV, CAV, FF, ERROR, and 


C-FIELD 





лы [ОХ | 
FRAME | 


BCLK 


STRBOUT | | 
SYNC 3 4 
OUTPUTS 


STATI 
STATO ` 





| Аш->| И 


Figure 9. HDMP-1004 (Rx) Timing Diagram. 
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D00-D19. The Synchronous | 
Outputs are updated for every 
data frame, and changed at the 
falling edge of STRBOUT. There 
is a delay of two frames between 
the serial input and the 
Synchronous Outputs. Аз for 
the state machine status 
outputs, STATI and STATO, 
they are also changed upon the 
STRBOUT?’s falling edge, but 
are only updated once in 128 ` 
frames. . x 





Line Code Description 
The HDMP-1000 line code, 
Conditional Invert Master 
Transition (CIMT), is illustrated 
in Figure 10. The CIMT line 
code uses three types of frames; 
Data frames, Control frames, 
and Fill frames. Fill frames are 
internally generated by the Tx 
chip for use during link start up 
and when there is no input from 
the user. Each frame consists of 
a Data Field (D-Field) followed 


DATA FIELD 
16/20 BITS 


by a Coding Field (C-Field). The 
D-Field can be either 16 bit or 
20-bits wide, depending on link 
configuration. The C-Field has a 
master transition which serves 
as a fixed timing reference for 
the receivers clock recovery 
circuit. Users can send arbitrary 
data carried by Data or Control 
Frames. The dc balance of the 
line code is automatically 
enforced by the Tx. Fill frames 
have a single rising edge at the 
master transition which is used 


CODING FIELD 
4 BITS 


for clock recovery and frame ` ` 


synchronization at the receiver. 


Detailed coding schemes are 
described in the following 
subsections. All the tables given 
in this section show data bits in 
the same configuration asa __ 
scope display. In other words, | 
the leftmost bit in each table is 
the first bit to be transmitted in 
time, while the rightmost bit is 
the last bit to be transmitted. 


“оята ДАДА ДАЛАДА, EROR TIE 


FILL 
FRAME 


FRAME K 





MASTER 
TRANSITION 


FRAME К +1 — 


Figure 10. HDMP-1000 (Tx/Rx Pair) Line Code. 


Data Frame Codes 


When not in FLAGSEL mode, 
the FLAG bit is not user con- 
trollable and is alternately sent 
as 0 and 1 by the Tx chip during 
data frames to provide 
enhanced error detection. 
Control and Fill frames do not 
cause toggling between even 
and odd frames to occur (The 
FLAG bit is not available during 
control frames). The receiver 
performs a differential detection 
to make sure that every data 
frame received is the opposite 
pattern from the previous 
frame. If a break in the strict 
alternation is observed, a frame 


error is flagged by asserting the 
Rx ERROR output. This pattern 
detection makes it impossible 
for a static input data pattern to 
generate an undetectable false 
lock point in the transmitted 
data stream. The detection also 
reduces the probability that the 
loop could lock onto random 
data at a point away from the 
true master transition for any 
significant time before it would 
be detected as a false lock. This 
mode can detect all single-bit 
errors in the C-field (non-data 
bit fields) of the frame. 
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. When the chip is іп FLAGSEL 
_ mode, the extra FLAG bit is 


freely user definable as an extra 
data bit. This provides a 17th 
bit in 16 bit mode, and a 21st bit 


in 20 bit mode. The probability 


of undetected false lock is 
higher, but the users (e.g., SCI- 
FI) that need the extra bit can 
detect false lock at a higher 
level of the network protocol 
with CRCs, etc. If the higher 
level protocols consistently 
receive wrong data, they can 
initiate a link restart by reset- 
ting the Rx state machine. 


HDMP-1002 (Tx), HDMP- 1004 rud 
Operating Modes 


 M920SEL | HARE. | жалы " 
| . | 16 bit data plus EO checking 


ор ps data plus FLAG | 


20 bit data plus EO checking | 





HDMP-1002 (Tx), HDMP-1004 (Rx) 
Data Frame Structure 
M20SEL Not Asserted = bit data -— 


True 


HDMP-1002 (Tx), HDMP-1004 (Rx) 
Data Frame Structure 
M20SEL Asserted (20 bit data mode) 


DataStatus | Flag Bit Dried | Cm — 












D, - Dig 0100 
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Control Frame Codes frame is either inverted or not 


There are 218 control words inverted as needed to maintain 
provided in 20 bit mode. Ifthe balance, with the coding bits 
user desires to send a control 0011 used to indicate true | 
word, his lower 9 bits (Dj-D;) control, and the bits 1100 used 
are sent as bits 00-08 of the D- to indicate complement control. 
Field. The user's next 9 bits The bits D9 and D10 are always 
(Ds-D, are sent as bits D11- forced to 0 1 for true control 


D19 of the D-Field. The control 


HDMP-1002 (Tx), HDMP-1004 (Вх). 
Control Frame Structure 
M20SEL Not Asserted (16 bit mode) 





HDMP-1002 (Tx), HDMP-1004 (Rx) 
Control Frame Structure 
M20SEL Asserted (20 bit mode) 


D, - D,; 
D; -D,7 
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frames and 1 0 for complement 
control frames. These middle 
bits are used to distinguish true 
control frames from fill frames, 


_ Which always have the middle 
bits set to either 00, 11, or 10. 


Similarly, there are 21* control 
words provided in 16 bit mode. 


Fill Frame Codes x edge occurring between Cl ánd the second of which retards the 


Two logical fill frames are C2. Logical ЕГІ toggles between falling edge of FFO by one bit. 
provided: FF0 and ЕГІ. FF0 is two different physical codes, the Two logical fill frame types are 
physically a 50% duty cycle first of which advances the required for link start up in 
wave form with its sole rising falling edge of FFO by one bit, duplex mode. _ Š 


HDMP-1002 (Tx), HDMP-1004 (Rx) mE 
Fill Frame Structure | | | "E 
M20SEL Not Asserted (16 bit mode) 


|^ 0 | 111111 0000000 | 0011 


| 0 1 











1111111 _ 0000000 | 0011 


НОМР-1002 (Тх), НОМР-1004 (Вх) 
Fill Frame Structure ` 
M20SEL Asserted (20 bit mode) 


Fill Frame | D-Field 
| 0 |11111 000000000 | 0011. 











| 1a |а 000000000 | 0011 
111111111 | 00 | 000000000 | 0011 
HDMP-1004 (Rx) 

Detectable Error States 

M20SEL Not Asserted (16 bit mode) 


D-Field. | [| CField _ 


à 







HDMP-1004 (Rx) 
Detectable Error States _ 
M20SEL Asserted (20 bit mode) 





Tx Operation Principles 
The HDMP-1002 (Tx) is imple- 
mented in a high performance 
silicon bipolar process. The Tx 
performs the following functions 
for link operation: 


* Phase lock to frame rate clock 
* Clock multiplication 
* Frame Encoding 


ө Multiplexing 


In normal operation, the Tx 
phase locks to a user supplied 
frame rate clock and multiplies 
the frequency to produce the 
high speed serial clock. When 
locked, the Tx indicates that it 
is locked by asserting the 
LOCKED output. When the ED 
input is asserted, the Tx asserts 
the RFD signal indicating that 
it is now ready to transmit data 
or control frames. 


The Tx can accept either 16 or 
17 bit data and produce a 20 bit 
frame. It also can accept 20 or 
21 bit data and produce a 24 bit 
frame. Similarly, either 14 bit or 
18 bit control words can be 
transmitted in a 20 bit or 24 bit 
frame respectively. 


Tx Encoding 


А simplified block diagram of 
the transmitter is shown in 
Figure 4. The PLL/Clock 
Generator Block locks onto the 
incoming frame rate (or one-half 
frame rate) clock and multiplies 
it up to the serial clock rate. It 
also generates all the internal 
clock signals required on the Tx 
chip. 


The data inputs, 00-019, as 
well as the control signals; ED, 
FF, DAV*, CAV*, and FLAG are 
latched in on the rising edge of 
the frame rate clock. The data 


field is then encoded depending. 
on the state of the control 
signals. At the same time, the 
coding field is generated. At this 
point, the entire frame has been 
constructed in parallel form and 
its sign is determined. This 


frame sign is compared with the 


accumulated sign of previously 
transmitted bits to decide 
whether to invert the frame. If 
the sign of the current frame is 
the same as the sign of the 
previously transmitted bits, 
then the frame is inverted. If 
the signs are opposite, the 
frame is not inverted. No 
inversion is performed ifthe ` 
frame is a fill frame. 


The Output Select block allows ` 


the user to select between two 
sets of differential high speed 
serial outputs. This is useful for 
loop back testing. If LOOPEN is 
high, LOUT is enabled and 
DOUT is disabled. If LOOPEN 
is low, DOUT is enabled and 
LOUT is disabled. 


The active-low RST* input 
resets the internal registers to a 
balanced state. This pin should 
be held low for at least five 


frame rate clock cycles to ensure ` 


a complete reset. 


The Data Field and Control 


Field are encoded depending on 
ED, FF, DAV*, CAV*, FLAG, 
FLAGSEL, M20SEL as well as 
two internally generated 
signals, O/E and ACCMSB. 


When FLAGSEL is high, O/E is 
equivalent to FLAG. This is 
equivalent to adding an addi- 


_ tional bit to the data field. 


When FLAGSEL is low, O/E 
alternates between high and 
low for data frames. This allows 
the link to perform more 
extensive error detection when 
the extra bit is unused. 
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ACCMSB is the sign of the pre- 
viously transmitted data. This 
is used to determine which type 
of FF1 should be sent. When 
ACCMSB is low, FF1a is sent 
and when ACCMSB is high, 

FF 1b is sent. This effectively . 
drives the accumulated offset of 
transmitted bits back toward 
the balanced state. Е 


Tx Phase-Locked Loop 


The block diagram of the trans- 
mitter phase-locked loop is 
shown in Figure 11. It consists 
of a sequential frequency 
detector, loop filter, VCO, clock 
generation circuitry and a lock 
indicator. The outputs of the 
frequency detector pass through 
a charge pump filter that | 
controls the center frequency of 
the VCO. These outputs also go 


to the VCO directly to effectively 


add a zero in the loop response. 
Ап external high-speed clock 
can be used instead of the VCO 
clock. This is accomplished by 
applying a high signal to = 
EHCLKSEL and a differential 
clock to STRBIN. 


One of four frequency bands 


may be selected by applying 


appropriate inputs to DIVO and 
DIV1. The VCO or STRBIN 
frequency is divided by N, 
where N is 1, 2, 4 or 8 corre- 
sponding to the binary number 
represented by DIV1, DIVO. 
This divided version of the VCO 
clock or STRBIN is used as the 
serial rate clock and is available 


asa differential signal at the 


HCLK output. 


A clock generator block creates 
all the clock signals required for 
the chip. Dependingon — 
M20SEL, STRBOUT is either 
HCLK/20 or HCLK/24. If 
MDFSEL is low, then 


STRBIN — 


FREQ 
DETECT 





CLOCK GEN 





MDFSEL- _ 


LOCKED 





FILTER | 


ye x E END еч 


/ INTERNAL CLOCKS 


| | Lock | STRBOUT нак омо ом 
>| DETECT | 







DIV N 





EHCLKSEL 


Figure 11. HDMP-1002 (Tx) Phase-Locked Loop. 


STRBOUT is a phase-locked 
version of STRBIN. If MDFSEL 
is high, STRBOUT is twice the 
frequency of STRBIN. 


The lock detect circuit samples 
STRBIN with phase shifted 
versions of STRBOUT. If the 
samples are not the proper 
values, the LOCKED signal 
goes low and stays low for at 
least two frames. 


Rx Operation 
Principles 

The HDMP-1004 (Rx) is mono- 
lithically implemented in a high 
performance 25 GHz f, bipolar 
process. When properly соп- 
figured, the Rx can accept 20B/ 
24B CIMT line code frames, and 
then output parallel 16B/17B/ 
20B/21B Data Words or 14B/ 
18B Control Words. The Rx 
provides the following functions 
for link operation: | 


e Clock recovery 
* Frame synchronization 


® Data recovery 


° Demultiplexing 

ә Frame decoding 

е Frame error detection 
e° Link state control 


Rx Encoding 


Figure 6 shows a simplified 
block diagram of the receiver. | 
The data path consists of an 
Input Select, an Input Sampler, 
a Frame Demultiplexer, a 
Coding Field (C-Field) Decoder, 
and a Data Field (D-Field) | 
Decoder. Ап on-chip phase- 
locked loop (PLL) is used to 
extract timing reference from 
the serial input (DIN or LIN). 
The PLL includes a Phase- 
Frequency Detector, a Loop 
Filter, and a variable-frequency 
oscillator (VCO). All the Rx 
internal clock signals are gener- 
ated from a Clock Generator. 
The Clock Generator can be 
driven either by the internal | 
VCO or an external signal, 
TCLK, depending on the Clock 
Select configuration. 


Integrated on the chip is a Link- 
Control State Machine for link 
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STRBIN 


status monitoring and link 
startup. Figure 12 shows the 
details of the Input Selector. 
The Input Selector chooses 
either the nominal serial data 
(DIN) or the loop back (LIN) 
signal for the Input Sampler’s 
input. If loop back enable 
(LOOPEN) is asserted, the LIN 
input is selected. Included in 
the Input Selector is cable 
equalization circuitry. When 
coaxial cable is used as the 
transmission media, by setting 
EQEN=1 (enable equalization), 
the equalization circuitry is in 
the DIN signal path and 
provides fixed compensation for 
high-frequency cable loss. 


The Data Field of the CIMT line 
code can be either 16-bits or 20- 
bits wide. The width selection 
for the Rx is made by setting 
the input pin M20SEL (Figure 
6). If M20SEL = 1, then the Rx 
is configured to accept serial 
input with 20-bit data field (24 
bits per frame). When M20SEL 
= 0, 16-bit data field is selected. 





LOOPEN 


EQEN 


DIN 


| CABLE EQ | CABLE EQ 


LIN 


== 7} у—- 


Figure 12. HDMP-1004 (Rx) Input Selector. 


НОМР-1004 (Rx) Phase- 
Locked Loop 


А more detailed block diagram 
for the Rx phase-locked loop 
(PLL) is shown in Figure 13. In 
the PLL, the phase of the serial 
input, SIN, is compared with 
synchronizing signals from the 
internal clock generator, using 
either a phase detector or a 
frequency detector. The fre- 
quency detector disable signal, 
FDIS, selects which detector to 
use. If synchronization in a link 
has yet to be established, the 
HDMP-1002 (Tx) should send 
out Fill Frame 0 (ЕЕО) or Fill 


Frame 1 (FF1) to the remote Rx. 


By setting FDIS=0, the Rx uses 
the frequency detector to align 
its internal clock with the rising 


FDIS 





STRBOUT 


BCLK 


DIVO ОМ 


edge of FFO/FF1. Once this is 
accomplished, FDIS can be set 
to 1, then the PLL uses only the 
phase detector for synchroniza- 
tion adjustment and the Rx is 
ready to accept data. Due to the 
narrow frequency acquisition 
range of the phase detector, the 
frequency detector is used for 
internal frequency acquisition. 
The frequency detector, how- 
ever, can only work with FFO 
and FF1 and it then is neces- 
sary for the PLL to select the 
phase detector (by setting 
FDIS=1) before receiving any 
random data. 


The output of the phase- 
frequency detector is externally 
available through pin PHI. An 


TCLK 
TCLKSEL 


Figure 13. HDMP-1004 (Rx) Phase-Locked Loop. 
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external clock source can also be 
used (through pin TCLK) by 
setting TCLKSEL=1. To 
broaden the usable frequency 
range of the chip, there is a 
programmable divider before 
the clock generator. The VCO or 
TCLK frequency can be divided 
by 1, 2, 4, 8 by setting DIV1, 
DIVO = 00, 01, 10, 11 (see 
Operating Rate Tables). 


HDMP-1004 (Rx) 
Decoding 


In Figure 6, the frame 
demultiplexer de-serializes the 
recovered serial data from the 
Input Sampler, and outputs the 
resulting parallel data one 
frame at a time. Every frame is 
composed of a 16-bit or 20-bit 


PHI 


Ё FILTER | 


Data Field (D-Field) and a 4-bit 
Coding Field (C-Field). The C- 
Field, C0-C3, together with the 
two center bits of the D-Field | 
(09 and D10 for 20 bit mode, D7 
and D8 for 16 bit mode) are 
then decoded by the C-Field 
decoder to determine the 
content of the frame. The D- 
Field decoder is controlled by 
the outputs of the C-Field 
decoder. If an inverted Data 
Frame or Control Frame is 
detected, the D-Field decoder 
will automatically invert the D- 
Field data. If a Control Frame is 
detected, the D-Field decoder 
will shift the bottom half of the 
D-Field so that the outputs are 
at pin D, - D,7 (if M20SEL = 1) 
or at pin Do - Di, Gf M20SEL z 
0). А data Frame is detected by 
the receiver when DAV = 1. А 
control Frame is detected by the 
receiver if CAV = 1. A Fill 
Frame is detected by the re- 
ceiver if DAV = 0 and CAV = 0. 


The C-Field decoder will set 
iERR = 1 when it detects an 
error. The internal error bit 
(ERR) is combined with the 
internal flag bit GFLAG) and 
the flag-bit mode-select signal 
(FLAGSEL) to produce the 
externally available error 
(ERROR) and flag (FLAG) bits. 
If FLAGSEL = 1, the FLAG bit 
can be used as an extra data bit. 


° ERROR=iERR. 
° FLAG=iF LAG. 


e If a Fill Frame is detected, 
then FLAG=0. 


* If a Control Frame is detected, 
FLAG should be ignored. 


If FLAGSEL z 0, the serial 
input is assumed to consist of 
alternating even frames (iFLAG 
= 0) and odd frames (iF LAG = 
1). 


° IfiERR=1, then ERROR=1. 


• If a Fill Frame is detected, 
then FLAG=0. 


° [f a Data Frame is detected, 
then FLAG=iFLAG, and 
iFLAG should alternate 


between 0 and 1, starting with | 


0 and ending with 1; 
otherwise, ERROR- 1. 


* [f a Control Frame is detected, 
then FLAG automatically 
alternates between 0 and 1, 
starting with 0. 


The even or odd feature allows a 
32/40-bit wide data word to be 
transmitted through the link. A 
2:1 multiplexer and a 1:2 
demultiplexer are required. 
FLAG is used to synchronize the 
even and odd frames. Note, both 
Data and Control Frames can 
be transmitted as even/odd 
pairs, but only Data Frames can 
be detected for out of order 
errors. 


НОМР-1004 (Rx) Link- 
Control State Machine 
Operation Principle 

The link-control state machine 
(SMO) on the Rx chip provides a 
link handshake protocol 
enabling the duplex link to | 
transition from frequency 
acquisition and training mode 
into data mode. 


The HDMP-1000 Tx/Rx link 
uses an explicit frequency 
acquisition mode at startup that 
operates on a square-wave 
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training sequence. This makes 
it possible to use a VCO with a 
very wide tuning range yet 
avoid the harmonic false lock 
problems associated with other 
circuits of this type. 


Using the SMC, a full duplex 
data channel can be imple- 
mented without additional 
controller or hardware. 


The State Machine 
Handshake Protocol 
Figure 1 shows a simplified 
block diagram of the HDMP- 
1000 data channel configured 


_ for full duplex operation. Two 


HDMP-1000 chipsets are 
required to perform the hand- 
shake in parallel. There are 
three states that the link must 
go through to complete the link 
startup process: 


State 0: Frequency Acquisition | 
State 1: Waiting for Peer — | 
State 2: Sending Data _ 


Each side of the link decides 
which of the three states that it 
should be in. The decision is | 
based on its own memory and 
the type of frame that it is 
currently receiving from the 
other side of the link. 


Considering only the local рогі 
of the link, we have a transmit- 
ter (Tx), a receiver (Rx), and a 
state machine controller (SMC). 
In practice, the SMC entity, 
although logically distinct, is 
implemented on the same die as 
the Rx chip. The SMC monitors 
the data frame status indicators 
(ERROR, DAV, CAV, FF) from 
the Rx, and is able to force (or 





SEND FFO 









SEND FF1 


| | FREQUENCY DETECTOR OFF 


SEND FF1 


DISABLE DATA TRANSMISSION 
DISABLE DATA RECEPTION 


FREQUENCY DETECTOR ON 


DISABLE DATA TRANSMISSION 


ENABLE DATA RECEPTION 


ENABLE DATA TRANSMISSION 
ENABLE DATA RECEPTION 


FREQUENCY DETECTOR OFF 




















Figure 14. HDMP-1004 (Rx) State Machine State Diagram. 


control) various characteristics 
of the Tx and the Rx chips. The 
Tx chip has the following 
controllable features: 


* [t can be forced to send a Fill 
Frame using the ED input. 


* The type of Fill Frame sent 
can be controlled using the FF 
input. 


The Rx Chip has the following 
controllable features: 


* It can be in Frequency 
acquisition or Phase-lock/Data 
reception mode depending on 
the state of the FDIS input. 


* It can be enabled for data 
reception or set in a mode in 
which data frames are ignored 
depending on the ACTIVE ` 
input. 


The Rx chip can distinguish 
between the various types of 


frames. It can communicate the 
frame type to the SMC. The 
various frame types аге: . 


° Fill Frame 0, (FFO) 

е Fill Frame 1 a/b, (FF 1) | 

* Data/Control frames (Data) 
° Error frames (ERROR) | 


The SMC can be reset by either 
the SMCRSTO* or SMCRST1* | 
inputs. Usually one of these 
inputs is used for power-on 
reset, and the other is connected 
to the Tx LOCKED output. 


This holds the SMC in state 0 
until the transmitter PLL has 
locked. 


Figure 14 shows the state 
diagram of the SMC. The SMC 
is debounced by allowing state 
transitions to be made only 
after at least 2 consecutive 
frames give the same indication. 
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This prevents single bit errors · 
from causing false state 
transitions. In addition to this 
debouncing mechanism, when > 
two consecutive ERROR or 
Resets occur, a timer is enabled 
forcing the SMC into state zero 
for 128 frames. Any transition 
out of this initial state can only 
occur after the link has been 
error-free for 128 frames. This 
prevents false transitions from 
being made during the bit- 
slipping that occurs in the 
initial frequency acquisition of 
both the Tx and Rx PLLs. 


When the local port is in State 
О, it is in the reset state. Both 
local Tx and Rx parallel 
interfaces are disabled. The 
local Tx transmits FFO continu- 
ously, and the Rx PLL is in the 
frequency detection mode: When 
the local Rx is phase-locked to 
the remote Tx it transitions to- 
State 1. The local Tx transmits 
FF1 to acknowledge the phase- 
locked condition (its parallel 
input is still disabled). The local 
Вх PLL is in the phase detection 
mode and its parallel output is 
enabled. When in State 2, the 
two-way synchronization 
between the local port and the 
remote port is established. Both 
the local Tx and Rx parallel 
interfaces are enabled, and the 
local Rx PLL is in the phase | 
detection mode. Parallel data 
can be sent by the local Tx, and 
at the same time, received by 
the local Rx. 


The Rx chip has the state 
machine logic built in. The SMC 
has two status outputs, STATO 
and STATI, that control the 
various features of the two chips 
depending on the current state. 


SMC Output (STATO and STAT1) at Current Link State 





The Tx inputs that need to be 
controlled are FF and ED. The 
Rx inputs that need to be 
controlled are FDIS and 





То control the link as shown 
above the following interchip 
connections must be made 
(Figure 15): 


e Tx FF is driven by STATI 
e Tx ED is driven by STATO 
* Rx FDIS is driven by STATI 


е Rx ACTIVE is driven by 
STATI 


° Tx RST and Rx SMCRSTO are 
driven by a power-on, or user, 
reset circuit. 


Link Configuration 
Examples 


This section shows some 
application examples using the 
HDMP-1000 chipset. Refer to 
Section 2 (I/O Definition) for 
detailed circuit-level 
interconnection. For example, | 
the chipset's ECL output drivers 
have weak driving power; 
hence, external buffers are 
required for large loading. 


ACTIVE. To control the chips as 
shown in the state diagram of | 
Figure 14, these inputs need іо 
be driven as follows: 


Figure 15 is the schematic for a 
full-duplex port. The network 
start-up protocol is provided by 
the Rx internal state-machine 
controller, and is transparent to 
the host. The handshaking 
between the host and the 
chipset is provided by the RFD 
and LINKRDY* signals. The 
host interface registers are 
clocked by the falling edges of 
the STRBOUT from the Tx and 
the Rx. The user has to make 
sure that M20SEL, FLAGSEL, 
DIVO, and DIV1 have the same 
setting on both the Tx and Rx. 
The word width of the parallel 
data from the host can be either 
16 bits if M20SEL = 0, or 20 bits 
if M2Z0SEL=1. Also, the FLAG ` 
bit can be used as an additional 
bit by setting FLAGSEL = 1. In 


the last case, the parallel data 


word width is either 17 bits or 
21 bits. The local loopback test 
can be enabled by setting 
LOOPEN high. 


Figure 16 shows how to use the 
FLAG bit and MDFSEL to 
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transfer parallel data with 36- 
bit or 40-bit word width. Each 
data word is multiplexed and 
carried by two consecutive 
CIMT frames called even and 
odd frames. The FLAGSEL is 
set to high, and the FLAG bit is 
used to designate the even/odd 
frame. For the Tx, the MDFSEL 
is set to high so that the 


frequency of STRBOUT is twice 


that of STRBIN. The flag signal 
to the Tx is generated from 
STRBIN and STRBOUT. The 


Tx interface registers are 
clocked by the Tx FLAG signal. 


On the Rx side, the FLAG 


output is retimed by STRBOUT 


to generate RCLK, which is 
used to demultiplex the data 
output. Note that the Rx 
interface registers for 
LINKRDY*, ERROR, DAV*, 
CAV*, and FF are clocked by 
STRBOUT instead of ВСГК; 
this is due to the fact that the 
FLAG is reset to “0” when 
receiving ҒЕ0. 











SERIAL ` 
| OUTPUT 


SMCRSTO 
SMCRST1 


SERIAL 
INPUT . 
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Figure 15. A Full-Duplex Port. 
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Figure 16. A Full-Duplex Double-Frame Port. 
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Although the HDMP-1000 chip- 
set is designed for full-duplex 
applications, it is possible to 
configure the chipset for 
simplex applications as shown 
in Figure 17. Although the Tx 
has no knowledge of the status 
of the remote Rx, the Tx host 
can periodically allocate a time 
slot to transmit FF1. This is 
shown as a negative pulse to the 
Tx ED input in Figure 17. If the 
remote Rx is unlocked, it can 
wait for the next sequence of 
FF1 to regain synchronization. 





PERIODICAL SYNC 
PULSE 


The length of each FF1 
sequence must be longer than 
the Rx frequency acquisition 
time (approximately 2 msec). 
Note that the Rx internal state- 
machine controller can also be 
used in this simplex application; 
no additional controller is 
necessary. | 


Surface Mount Assem- 
bly Recommendations 
The package is designed to be 
surface mounted with the lid 
facing the board (lid acts as 
bottom of the package or pin 





POWER ON $ 
DELAY 


SERIAL CHANNEL 





Figure 17. Simplex Configuration. 
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view facing the board). It is 


. recommended that the leads be 


formed into а “Gull-Wing” 
configuration prior to surface 
mounting. The recommended 
package stand-off (distance 
between "bottom" of package to 


_ the board surface) is 30 mils. It 


is also recommended that the 
leads be solder (Sn/Pb) coated 
prior to surface mounting. The 


lead material is Alloy 42. Note: 
Packages are shipped with 
` unformed leads in carriers. 





Outline 
68 Lead Ceramic Quad Flatpack 


1.368 + 0.020 


0.950 + 0.010 
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0.130 + 0.015 
mm ALL DIMENSIONS ARE IN INCHES. 
Evaluation Board 
Ordering Information 
А Gigabit Rate Transmit 


Receive Chipset Evaluation 
Board may be ordered through 
your local HP Components 
Representative or authorized 
HP Components distributor. 


Designer Kit | 
Part Number Kit Description 
HDMP-100K Evaluation board for the Gigabit Rate 

Transmit Receive Chipset, and literature 
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HEWLETT 
PACKARD 


Ú; 








Decision Circuit 
(Comparator/D-FF) | 


Technical Data 


Features 
° Silicon Bipolar Technology 
° ECL Levels | | 


° Operational to 1.5 GBit Input 


Rates | | 

* Single -5.2 V Power Supply 

e Operational over Full _ 
Temperature Range -55°C to 
+125°C i 

_ * Highly Reliable HBIC Her- 


. metic Surface Mount Package 
_ © Low Power Dissipation <0.5 W 


 Description/Applications 
The HDMP-2003, and -2004 
Decision Circuits are high speed/ 
high sensitivity digital waveform 
regeneration modules consisting 
of a comparator, an edge- 
triggered D-flip-flop, and a 50 
ohm output driver. They sample 
GBit data in both time and 
amplitude, and decide whether a 
“1” or a "0" exists relative to an 
internal Увв or external DC 
reference voltage, thus 
regenerating a retimed, less noisy 
digital waveform. They are 
recommended for use as the data 
regeneration circuits in high 
speed fiber optics communication 
receivers. Other applications 
include Digital Radio communi- 
cations systems, High Speed 
Computer Interconnect Systems, 
Instrumentation, and other Data 
Recovery Systems. 


HDMP-2003 
HDMP-2004 





PIN IDENTIFIERS 


2.5 TYP 
(0.100 TYP) 





15.7 
(0.620) 





15.7 
(0.620) 


| 11.4 50 
| (0.450 SQ) 
ИА nm 
| onn n hie 
"ed bad ү =a N | 


| | | 0.5 TYP | 
(0.020 ТУР) 0.00 (0.000) 
4 0.16 (0.006) 
(0.566) 


15.7 REF 
(0.620 REF) 






0.10 ТҮР 
(0.004 ТҮР) 








NOTE: BOTTOM OF PACKAGE IS PRIMARY GROUND CONTACT. 
ALL DIMENSIONS IN MILLIMETERS (INCHES). 


OUTLINE HBIC-0512 
WEIGHT (TYPICAL): 1.15 GRAMS 
(HDMP-2003, HDMP-2004) 


10-35 





Absolute Maximum Ratings 


Symbol 
зв [Suy voe — — | v [м | 
тую | Storage Temperature — | 0 | ал” 
Te | Operating Case Temperature | °C | 55ы +125 


Operation in excess of these conditions may result in permanent damage to the 
device. 










Operating Specifications 


жее, | ме [и ee 
Symbols Parameters | Units | Min. | Typ | Min | 
| 20 — __28 


ри | пера Data Rate — | быш ” 
PMR | Phase Margin [pace 

VTM ! Threshold Margin 
ш [кете ee 
н [юте — — | me _ 
he | supply Current | ma 


Test Conditions: 


F 


0 


> 
e 


CLK: HDMP-2003 - 2.0 GHz, 400 mV pk-pk 
НОМР-2004 = 2.8 GHz, 400 mV pk-pk 


Vin: НОМР-2003 = 2.0 GHz, 200 mV pk-pk 
HDMP-2004 z 2.8 GHz, 200 mV pk-pk 


215-1 Pseudo Random Bit Sequence (PRBS) 
CLK, Vix, and Output are at 50 Ohms AC coupled 
TA = 25°C 


Notes: 
1. See Figure 1A. 
2. 10% to 90% (see Figure B). 
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DECISION WINDOW 
AT 107 BER 


BIT PERIOD 








X А AMPLITUDE 
INPUT ü | MARGIN - AMR 
PHASE MARGIN - PMR 
(MAXIMUM ALLOWABLE JITTER) 
NOTE: 


VTM = THE MINIMUM DIFFERENCE BETWEEN THE INTERNAL REFERENCE 
VOLTAGE AND THE NEAREST EDGE OF THE AMPLITUDE MARGIN WINDOW. 


Figure la. Decision Window Definition. 


TYPICAL RETURN LOSS AT T = 25°С 
FOR HDMP-2003 


Vw RETURN LOSS (dB) 


40 | 
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 


FREQUENCY (GHz) 


Figure 2a. 


OUTPUT 





Figure 1b. Output Waveform Definition. 


TYPICAL CASE TEMPERATURE PERFORMANCE 


CLOCK TO Мм ALIGNMENT (psec: 
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FOR HDMP-2003 








TYPICAL RETURN LOSS AT T = 25°C 
FOR HDMP-2003 
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cc 
x 
Q 
© 
ed 
o 
40 
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FREQUENCY (GHz) 
Figure 2c. 
а 
5 
2 
Ó 
ed 
2. 
С 
2 
= 
uJ 
С 
> 
40 | 
0.4 0.6 0.8 1.0 12 14 16 1.8 20 22 24 2.6 
FREQUENCY (GHz) 
Figure 2e. 


TYPICAL CASE TEMPERATURE PERFORMANCE 
FOR HDMP-2003 


t,, tr 20% — 80% (psec) 


Vo (mV) 
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TYPICAL RETURN LOSS AT T = 25°С TYPICAL CASE TEMPERATURE PERFORMANCE 
FOR HDMP-2004 FOR HDMP-2004 
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Figure 3c. Figure 3f. 
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Theory of Operation 
The НОМР-2003 and -2004 
consist of three major sections — 
an input comparator amplifier, 
a master-slave flip-flop, and an 
output driver (see Figure 4). 
During operations, a distorted 
waveform enters the ` l 
comparator via Viv, and is 
compared to a reference DC 
voltage supplied at Увег. The _ 
output of the D-flip-flop is next 
fed into the D-flip-flop section 
where a clock input triggers the 
master/slave action that 
synchronizes the signal with the 
rising edge of the clock. The 
amplified and retimed signal 
then exits the module through 
the driver section. 


Under normal operating 
conditions, Увек is connected to 


INPUT AMPLIFIER 












|95 


р 


l о.о4рЕ [1] ІЗГІ о 









PTT 


Увв, and Vin and CLK are 


externally capacitively coupled 
(see Figure 4). The internal | 
termination resistors also form 
a biasing network which 
eliminate the need for 
additional external biasing. The 
integrity of the input amplifier | 
is determined by the Amplitude 
Margin (AMB), which is defined 
by the range of Vprr at which 
the Bit Error Rate (BER) is less 
than 107. For values inside this 
range, the BER falls sharply to 
produce virtually error free 
operation (see Figures 6 and 8). 


The performance of the retiming 
flip-flop is determined by the 
Phase Margin (РМВ) which is 
defined by the range of й 
deviation of clock alignment ` 
relative to the input signal at a 


MASTER SLAVE FLIP FLOP 


TL 
P PR 






0.04 uF. [1] 


Мм Vner Ves CLK | МЕЕ 


[11НОМР-2004 only. 


Figure 4. Circuit Schematic, HDMP-2003 and НОМР-2004. 
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BER less than 107. Again, the 
BER falls sharply inside this 
range (see Figure 7 and 9). Once 
the clock to data alignment is 


_ set, the internal compensation 


circuitry will track this 
alignment over temperature 
(see Figures 2d and 3d). 


The output driver section is 
characterized by the peak-to- 


_ peak output voltage and the 
. 10% to 90% rise and fall times 


relative to the levels at the 
center of the output bit. This 
driver also has the advantage of 
driving directly into 50 ohms . 
with or without a coupling 
capacitor, or directly into ECL 
(see Figure 10). The excellent 
line matching also dampens 
pulse reflections typical for ` 
many high frequency circuit | 
interconnections. 


OUTPUT DRIVER 


Hi 
allt 





AC OR DC 
COUPLED 


GND — 


OI 





Figure 5. Typical Interfacing Diagram (Top View); HDMP-2003, HDMP-2004. 
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BIT WIDTH = 
10-1 
СЕ М 1 14. 
: pV | ЕЕ 
° E o —L 
š ЕТТІ" 
е c 10-6 | р 
Š ИН БН ы ШІ 
- Е 10-7 
: Qn —H ЖЕ 
10-9 mE MEM MN ME 
M NE КЕК р __ 
0 90 180 270 360 
Vref RELATIVE TO Vgg (mV) CLOCK RELATIVE TO INPUT (psec) 
Figure 6. Amplitude Margin (AMR), HDMP-2003. Figure 7. Phase Margin (PMR), HDMP-2003. 


10-41 












° ee 
101 | 


INPUT = 200 mV pk-pk —— 
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о о 
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Lr 10-7 ен не | Е 
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в O ER 
ex [ү у. „ 
-100 100 ` | ео . 100 200 300 400 500 
Уреғ RELATIVE TO Vgg (mV) | CLOCK RELATIVE TO INPUT (psec) 
Figure 8. Amplitude Margin (AMR), HDMP-2004. Figure 9. Phase Margin (PMR), HDMP-2004. 
OUTPUT = 
DRIVER | 90 1? 07 
| 2 | 
| 
-----------0У 
OUTPUT 
DRIVER | 
| 
| 
| Е 
— 0V 
OUTPUT 
DRIVER | 
| | 
ЕСІ -1.3 
1 


Figure 10. Output with Various Loading Conditions, HDMP-2003, HDMP-2004. 
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| Testing | 


: The remo" test set-up 


for the HDMP-2003 and -2004 is 


shown in Figure 11. The input. 
signal is provided bya ШЕ 
random bit sequence (PRBS) — 
generator set at the operating 
- frequency. To insure that the | 
DUT is correctly evaluated, the 
I square wave output from the 


BER 


GENERATOR 


FILTER 


Figure 11. Test Setup 


HDMP-2003 





| к (А); is fed into a a high ` 


performance AGC amplifier 


(HAMP-5001), which emulatesa | 
_ typical system. The АСС” 
amplifier output (B), and the 


sinusoidal clock signals (C) аге ` 
applied to the DUT. The outputs. 


_ @апа Q are measured with the 


BER receiver and a sampling 


scope (D). 


| BER 
| RECEIVER 


OSCILLOSCOPE 
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HDMP-2003 continued 



















v g 540,020 АШУ Л 


200 psec/DIV 









200 mV/DIV 


VN PUN 

о Ға аа 

— REESE 

eg шшш ш 
©) 


Figure 12. Characterization Test Set-up. 






200 psec/DIV 
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200 mV/DIV 


Handling and Mounting 
Procedures for 
Hermetic, Base is 
Circuit (HBIC-0512 
Packages 


1. Storage 

Under normal circumstances, 
storage of the HBIC packages in 
HP supplied containers is 
sufficient. However, in 


particularly dusty or chemically | 


hazardous environments, 
storage in a clean, inert 
atmosphere is advised to 
maintain solderability. 


2. Handling 

As with any multi-leaded . . 
surface mount package, care | 
must be taken during handling 
of the HBIC package not to 
cause deformation of the leads. 
The planarity of the leads to ` 
each other and to the bottom of 
the package must be main- 
tained for successful mounting. 


The HBIC package can be 


tools by clamping the package 
around the lid, or with vacuum 
systems on the top of the lid. 


3. Grounding 

The prime ground contact of the 
HBIC package is its bottom 
(with unused leads and the lid 
as secondary ground points). 
For optimum circuit 
performance, the bottom of the 
package must be soldered to a 
ground pad on the substrate 
(PC board or ceramic). This 
ground pad should be the size of 
the package bottom and have 
several plated thru holes to the - 
substrate's ground plane, giving 
the package a low inductance 
contact to system ground. 


_ 4. Mounting ` 


Solder reflow is the suggested | 
method of attaching HBIC | 
packages onto substrates. The 
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|. recommended solder is 62% Sn, 
handled with tweezers or other a 


36% Pb, 2% Ag, with an RMA ` 
flux. This solder paste can be 
dispensed (for packages with ` 
wide lead spacing) or screen 
printed onto the substrate. The 
use of a solder mask on the ` 
substrate is also recommended. 
Solder reflow can then be 
achieved by infrared heating or 
vapor-phase heating. The 
packages must not be exposed to 
more than 260?C for 20 seconds. 


Conductive epoxy could be used 
for mounting the HBIC 
packages, however, care must 
be taken due to the potential | 
problem of silver migration | 
between the leads and the 
ground pad under the er 


Wave soldering i is not гесот- 
mended due to the metal lid and 
the need for solder under the 
package base. 





HEWLETT 





Ф, 














PACKARD 
Silicon Bipolar High Speed | 
Decision Circuit with 1.5 СВ 
Operation (Comparator/D-FF) 
Technical Data . 

HDMP-2006 
Features Description 301С8 Package Outline | 
е High Performance Low The HDMP-2006 Decision | 

Bit Error Rate (BER) Circuit is a high speed/ high 
— sensitivity digital waveform 
* Operational to >1.5 Gbit regenerator IC consisting of a 
. Data Rates 


e ECL Compatible UO 

° Requires only a 100 mV 
Minimum Input Signal 

e Single -5.2 V Power 
Supply 

° Hermetic Glass Metal 
SOIC Package 


е Low Power Dissipation 
< 0.5W 


— Applications 


е SONET Fiber Optic 
Systems 


e Provides Excellent 622 Mb 
OC-12 Performance 


е High Speed Digital 
Telecom Systems 
е High Speed Datacomm 


and Computer 
Interconnect to 1.5 Gb 


Digital Television Studio 
Systems 


е Instrumentation-- 
Comparator, DFF 


comparator, an edge triggered 
D-type flip-flop, and a 50 Ohm 
output driver. The device is 





fabricated on Hewlett-Packard's 

>13 GHz fT silicon bipolar IC 

process. The HDMP-2006 Functional Block Diagram 
samples input data at rates up Top View 


to 1.5 Gb/sec in both time and 
amplitude, and decides whether 
data is а "1" or "0" relative to 
the sampling level Vpgr which 
can be tied to the internally 
generated Увв or externally 
supplied. 





The HDMP-2006 is ideally suit- 
ed for data regeneration ap- 
plications in high speed fiber 
optic communication systems 
such as SONET standard 
systems. 


NOTE: 
BOTTOM OF PACKAGE IS AT Ve, 
POTENTIAL (-5.2 V NOMINAL). TOP OF 
PACKAGE IS ISOLATED AND MAY BE 
GROUNDED BY USER. 


The HDMP-2006 is supplied in 
an 8 lead hermetic package 
with gold plated Kovar (ASTM 
F-15 alloy) cover, base, and 
leads. 


Package Lead Code Identification 
Top View 
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Absolute Maximum Ratings, TA = 25 °С* 


Supply Voltage 


Ambient Operating Temperature о 


Tmax | Maximum Assembly Temperature | +300 
(for 60 seconds maximum) | 











* Operation in excess of any of these conditions may result in permanent damage to this device. 


ESD Sensitivity 
These high performance devices are ESD sensitive ( Class 2). 
Proper precautions should be used when handling these devices | 


DC Electrical Specifications, TA = 25 °C 












AC Electrical Specifications, Ta = 25 °C 
CLK = 1 GHz 400 mV р-р, VIN = 200 mV р-р @ 1 GHz @ VEP = -5.2V © 


Input data test sequence = PRBS @ 228-1 


When tested per Test Circuit ( Figures 1 and 2) in test board per layout of Figure 3. 









ol | | маа. 
| АМЕ | Amplitude Margini | 
Umm [menge — 





the clock phase relative to the data. AMR and PMR are defined in Figure 6. 
2. ty and tr are defined in Figure 7. т ee чы 
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Test Circuits 










| DATA, || 
| eria pesce 
| ^ + IFAC COUPLED 
өн ' 
[| Q 
‚ С | 
қ 
' Vee Ves , 
' % | р | 
| CLK ' 
' e ‚ 
бот Vagr ! ANALOG RECEIVER SIMULATOR 
iQ Q' 
| | HAMP? BER 
, O PACKAGE C2 Сз, BER ` 5001 / > RECEIVER 
Г Д BOTTOM T T GENERATOR 
(Мек) — ' 
; C4 = = ' 
| T —] OSCILLOSCOPE 
| — = Q 
: = FILTER GROUND 
ALL CAPACITORS ARE 39000 pF 
ALL RESISTORS ARE 50 Ohms 


Figure 1. DUT Interface Circuitry | Figure 2. Device Test Setup 








GROUND GROUND 






Component Values and Relative Positions 
for Chip Resistors and Capacitors 
in Test Circuit of Figure 3. 


NS 
мА 


GROUND | 
H 
| 






CENTER REFERENCE 





Note 1: (Inches) relative to device center | 


Figure 3. Physical Test Circuit Layout and Component Information 
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Performance Curves — т>? 


АТ 10-7 BER 







V 
=160 
Е 40 
= AMPLITUDE 
t МРОТ V MARGIN - AMR 
| — TIME 


AMPLITUDE MA 


PHASE MARGIN - PMR | 
(MAXIMUM ALLOWABLE КЕН) 





УТМ = ` THE MINIMUM DIFFERENCE BETWEEN THE INTERNAL REFERENCE 


5 
DATA RATE (Mbps) VOLTAGE AND THE NEAREST EDGE OF THE AMPLITUDE MARGIN WINDOW. 


Figure 4. | Input Eye Amplitude Margin | | 
| f | Figure 6. Eye Diagram Performance Measures 





500 
DATA RATE (Mbps) 


Figure 5. Input Eye Phase Margin 


Eye Performance 
Measures 

HP specifies the performance of 
this decision circuit by meas- 
uring the input Amplitude Mar- 
gin (AMR) and input Phase 
Margin (PMR) which will pro- 
duce a Bit Error Rate (BER) of 
1Е-07 or less.This is ac- 
complished (see Figure 2) by 
setting the input psuedorandom 
signal amplitude from the BER 
Test Set (BERT)at a constant 
level and varying the reference 
signal Увек (externallly con- 
nected). In a similar manner the 
clock to data phase is varied. 
The input signal from the BERT 
is band limited by the HAMP- 
5001 which is an AGC circuit 
simulating the analog per- 


ty 


Figure 7. Output Waveform Definitions 


formance of a fiber optic re- ` 
ceiver. The measurements are 
made independently; first by 
varying phase and second am- ` 
plitude. In this way the center 
useable portion of the eye (Fig- 
ure 6) is determined. The ver- 
tices of the diamond pattern are 
the values of amplitude and 
phase at which the BER exceeds 
1E-07. This measurement sim- 
ulates typical system conditions 
and provides both the am- | 
plitude and phase (timing) lim- 
its. The measurement provides 
an accurate determination of 
Gaussian noise superimposed ` 
on the data signal and is mini- 
mally effected by switching 
noise. 
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Ambiguity level can also be . 
used to accurately measure the 
amplitude window of the eye di- 
agram for this class of devices. | 
A full ambiguity level test uses 
the PRBS output signal of the 
BERT with a precision attenu- 
ator (or AGC) in series with the 
input of the device. This re- | 
quires a precision attenuator 
which has a constant level of | 
noise independent of attenua- · 
tion level and bandwidth. К 


Because of the difficulty in ac- 
curately doing the ambiguity 
test and since the AMR and 
PMR tests provide more opera- 
tionally relevant data, HP does 
not тресі) ambiguity level. 





Circuit Schematic 


INPUT AMPLIFIER 


MASTER SLAVE FLIP FLOP OUTPUT DRIVER 









[ 8 5 өйө 7 6 ө 
Vin Varr Veg CLK 





ЖЫГЫШ 
[ИГ 


[ҮЙ FE il 14 


3 
GND 





A. EE lic 








Figure 8. HDMP-2006 Circuit Schematic 


Theory of Operation 


The HDMP-2006 consists of 
three major sections - an input 
comparator amplifier, a master 
slave flip-flop, and an output 
driver (see Figure 8). During | 
operation, a distorted waveform 
enters the comparator via Viy, 
and is compared to a reference 
voltage Vrer. The output of the 
comparator is next fed to a D- 
type flip-flop section where the 
clock input triggers the master- 
slave action that synchronizes 
the signal with the rising edge 
of the clock. The amplified and 
retimed signal then exits the 
module through the driver sec- 
tion. Direct coupled inputs will 
work with ECL levels. 


The output driver section pro- 
vides the peak-to-peak voltage 
with the 10 to 90 % rise and fall 
times relative to the levels at 


the center of the output wave- 


form (Figure 7). Typical inter- 
face circuit diagrams for the 
HDMP-2006 are given in Figure 
9 and 10 which show both AC 
and DC input and output op- 
tions. 


The НОМР-2006 can interface. 
the output directly into a 

50 Ohm load with or without а 
coupling capacitor, or directly 
into an ECL gate (see Figure 
10). The excellent line 
matching, when terminated 
externally, also dampens the 
pulse reflections that typically 
occur in high frequency | 
applications. 
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Application Interface 
Circuits 


There are three recommended 
application configurations for 
the HDMP-2006, wherein the 
user either AC or DC couples 
the DATA and/or supplies the 
Vin and Увег DC bias. In 


addition, there is a possible but 


non-recommended case where 
the user also supplies the DC 
clock bias externally, or DC 
couples the clock. 


For AC coupled applications, 
the configuration shown in 
Figures 9a and 10a is rec- 
ommended. Here, both the 
clock and data, as well as the 
Урег, utilize the internal Увв 
generator. This is suitable for 
inputs with 5096 average mark 
ratio such as PRBS. 


AC coupled applications can 
also employ an externally 
supplied DC bias for Viv and 
Vrer as shown in Figure 9b. 


Interfacing Cases 


The bias level should be close to 
-1.3 V. For temperature com- 
pensation reasons, the VrN and 
Үрге biasing should be supplied 
from the same source as 
indicated in Figure 9b. If 
separate biasing is used for Уру 
and Урре, care should be taken 
to ensure that the biasing from 
the different sources tracks 
identically as possible over tem- 
perature excursions. 


For DC coupled applications, 
the configuration shown in 
Figures 9c and 10b is rec- 


ommended. Here the clock is 
‘biased from Vpp; Vin and VREF 


are directly DC coupled ex- 
ternally. For temperature 
compensation reasons, the 
quiescent DC level of the DATA 
and DATA should temperature 
track and be set to approximate- 
ly -1.3V as in standard ECL 
levels. For single-ended DC 
coupling, Увек can be tied to an 
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external -1.3V or a voltage (near 
-1.3 V) that matches and tracks 
the data quiescent voltage (see 
Figure 9c). This configuration 
is necessary for data with mark 
ratios much different than 50%. 


For all three recommended 
configurations above, the bias of 
the clock by the internal Vpp is 
necessary for temperature 
compensation of the sampling of 
the decision circuit relative to 
the input data. 


The user can separately bias 
the clock input if desired 
(Figure 9d). In this case the 
relative levels and temperature 
tracking of the DC bias signals 
need to be carefully considered. 
Experimental testing by user is 
strongly recommended. 


Figure Vrer DC Bias Vin DC Bias Clock Bias 





AC COUPLED DATA IN 
Ун & Vaer CONNECTED 
T 


О Мв | E - 


Figure 9a. АС Interface Circuit 


Figure 9c. DC Interface Circuit 


Output Drive Level 


The output driver is designed to 
deliver 0.8 V into 50 Ohms AC, 
or DC coupled, as shown in Fig- 
ures 10a and 10b. 


The Уон and Уот, levels of the 
driver are such that the peak- 
to-peak voltage is approximately 
1.2 V unloaded centered around 








CLOCK IN 


AC COUPLED DATA IN 
Ум Vaer EXTERNALLY BIASED 











D 


TOP VIEW 
O © 
A ~ DATA 
DATA | 
: mi 
e — L1 = 
» | — аоск 
50 | CLOCK BIAS 
=. | e 
CLOCK | — 
= o; 
>= ^ DATA 
DATA " " 'L . OR -1.3V 
ЕСЕК ` DC COUPLED DATA IN | — FOR SINGLE 
DC COUPLED DATA IN SINGLE ENDED INPUT ` WITH SEPARATE CLOCK BIAS = ENDED INPUT 


Figure 9d. DC Interface with External CLOCK Bias 


Увв = -1.3 V. For driving ECL , 
the line can be terminated with 
a parallel combination of re- 
sistors as shown in Figure 10c. 
The equivalent termination of 
50 Q shrinks the pk- to-pk volt- 
age down to approximately 0.8 V 
centered about -1.3V. The out- 
put impedance of the driver is 
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matched to 500. The amplitude 
can be increased with larger ter- 
mination resistance with mini- 
mal VSWR penalty. Nominal 
values for a 50 О interface are: 
В! = 1400; Ro= 77 О. 


OUTPUT == | 
DRIVER 500 = ov 
(a) | | | | | | "LE | 
; š | mE 















OV 
(b) 
OV 
OUTPUT д, 
DRIVER 
(c) ECL -1.3 






INSIDE А „© { 


008-.011 ТҮР 
0.18 (0.007) 
| 0.08 (0.003) F 

1.78 (0.070) 

127 (0.050) ps (0.005) MAX 

qe E _ DIMENSIONS IN INCHES AND (MILLIMETERS) 
PUE MEETS JEDEC SPECIFICATIONS 
— |= 0.43 (0.017) e» А 


770.33 (0.013) 


NOTE: MAXIMUM STATIC PRESSURE ОМ PACKAGE «30 PSI (MIL-STD-883, 
METHOD 1014). CARE SHOULD BE TAKEN IN HANDLING AND MOUNTING 
SO THE PRESSURE LIMIT І5-МОТ EXCEEDED. 


Figure 11. Package Outline Dimensions 
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High Speed Silicon Bipolar 
622 Mb/s Serial Data and Clock 





Recovery Circuit | 


Technical Data 


Features 


e Single Chip Clock 
Extraction and Data 
Retiming 

е Designed for 622 Mb/s 
Applications 


° Easy to Apply, Cost 
Effective 


* Operational with Data 
Patterns Pseudorandom 
to 223.1 


* Lock Time « 2.5 ms 


е Low Jitter Generation 
« 1.7 Degrees at 622 Mb/s 
е Auto Adjusting - No 
Board Level Adjustment 
Needed 


е Autotracks Temperature 
and Voltage Changes 


е 0 to 65°C Case 
Temperature Range 


е ECL Compatible ГО 


° 50 mV Minimum Signal 
Input Required 

° Standard ECL -5.2V & 
-2.0V Power Supply 


е Low Power Dissipation 
(1.4W) 


° Hermetic Glass Metal 
Surface Mount Package 


HDMP-2501 





Applications 


e Telecom and Datacom 
Switching Systems 


e Computer Back Plane 
Interconnect 


е Board to Board High 
Speed Data Links 


DETECTOR 





CLK 


Figure 1. Functional Block Diagram 
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Ш | PHASE/FREQUENCY 


[Г] РАСкАЯО 





НОМР-2501 





Description 


The HDMP-2501 is a 622 Mb/s 
_ serial data and clock recovery 
. circuit which is based on a 


Phase Locked Loop (PLL) ap- 
proach for clock extraction. 


_ This chip includés a phase/ 


frequency detector, integrator 
(external capacitor required), 
and a voltage controlled os- 
cillator (VCO), see Figure 1. A 


self contained decision circuit 


automatically aligns the data 
relative to the recovered clock. 
Both recovered clock and re- 
timed data outputs are avail- 
able. 


The digital phase detector gen- 


erates a correction to the VCO 
ramp after each transition of 
the input serial data stream. 






INTEGRATOR 


The design insures clock cap- and supply voltage changes. No ^. perature and phase variation 





ture over the entire range of the external adjustment is required. conditions normally found with 
VCO, and provides for fast lock- _ multiple device and diverse | 
up and autotracking of the re- The PLL approach integrated in technology approaches such as 
covered clock over temperature this design eliminates the tem- surface acoustic wave devices. 
NOTE 1 C — 10 Q . O NOTE 1 
EM. ӨК 
a O— EE: ЖИН mE 7 
HDMP-2501 
_— d Į ` LK | -----О NOTE 1 
— незя анн (DATE CODE) | | C) NOTE 1 
52V О--- LL | L 
NEN ae 
NOTE 1С = — И ——O NOTE 1 
NOTES: 


1. PINS 1 AND 16 (Q AND Q); 8 AND 9 (D AND D); 12 AND 13 (CLK AND CLK) MUST BE TERMINATED TO AC OR DC 50 Q (SEE FIGURE 11). 
2. CAPACITORS SHOWN ARE 0.1 uF CERAMIC CHIP TYPE AND ARE REQUIRED FOR ALL OPERATING CONDITIONS. 


Figure 2. Package Connection 
Table 1. НОМР-2501 Pin Connections Description 


Label 


Charge pump capacitor connection. 
0.1 uF typical, ground other end. 





11 Charge pump capacitor connection. 
0.1 uF typical, ground other end. 


Retimed clock output 

AC or DC couple to 50 ohms, or DC india to ECL. 
Retimed clock output (complimentary) 

AC or DC couple to 50 ohms, or DC норе to ECL. 


Serial data input. 
ECL bias or AC couple with 0.1 pF. 


al e| ° 
"s. 
N ы 


С 
E7 
VN 





Serial data input (complimentary). 
ECL bias ог AC couple with 0.1 pF 


2, 7, 10, 15 


(2 
zZ 
О 


No connection to chip 
Retimed data output. 


Retimed data output (compliment) 
AC or DC couple to 50 ohms, or DC couple to ECL. 


N/C 








Увв Internally generated bias reference voltage, T -1.3 volts. 
. Use bypass capacitor. 
VEE Main power supply pin, typically -5.2 volts. Use bypass capacitor. 


Secondary power supply pin, typically -2.0 volts. Use bypass capacitor. 
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ШМ 





Absolute Maximum Ratings | | 
Те = 25?C, except as specified. Operation in excess of these may result in permanent 
damage to this device. D 


емее [ ma | мы | ж 





20% 


Sage Temperature 


Tmax Maximum Assembly Temperature 


(for 60 seconds maximum) 





Cae Operating Teper wanu 





Thermal Specifications 


Thermal Resistance (Die to Case) °C/W 10 


DC Electrical Specifications | 


p 










Ver ИЕЛЕ 
Supply Current | 
Утт Second Supply Voltage 


Second Supply Current 


AC Electrical Specifications 5 

Те = 25°C; Vin = 200 mV р-р @ 622 МЬр/ѕ @ Уре = -5.2V; Утт = -2 V | 
Input data test sequence = PRBS @ 223.1; D and D are АС coupled (0.1 uF), 500 termination. 
Integrating capacitors Сі and Со are 0.1 ЦЕ (refer to Figure 2). | E 


ЖЕЛІ. — — ЕСЕ мы. 
Vp | Minimum Data Input Voltage (pk - pk) mV | 
| (Ambiguity @ 107 BER) | 
, tf Rise Time, Fall Time; Data and Clock mE 
See Figures 7 and 8 
x ) pk) See Fi | 


Supply Voltage 2 V 


ir 

ООО em | — 

| Үсік Recovered Clock Output (pk to pk) 06 | 
V Output Voltage Swing (pk to pk) See Figure 7 | 06 — 


VSWR Data In and Out; Clock out = 


„| ®|©|- 
= Ша Saj Ku 
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Theory of Operation 


The retiming circuit is based on 
a PLL approach to timing ex- 
traction’. The functional block 
diagram is shown in Figure 1. 
A phase/frequency detector 
samples the incoming data, and 
generates an error signal which 
controls a dual input VCO. the 
VCO is realized as a ring os- 
cillator in order to be integrated 
on the same chip. 


The VCO frequency, Fo, is 
adjusted by feedback to а fre- | 
quency approximately equal to 
the incoming data bit rate. The 
fine adjustment +AF, is made 
by a bang-bang delay element 
as shown in Figure 3. The 
bang-bang element tracks the 
small variations of the incoming 
bit rate. The ring oscillator has 
a nominal delay of 800 ps with 
a typical usable range of + 10%. 
The bang-bang fine control de- 









DETECTOR 
” OUTPUT 


DATA EYE CROSSINGS 











lay time is approximately 3 ps. EM. | 
The response time of the bang- CLK ein 
bang element is about 700 ps 

for a full VCO update or much 

less than one clock cycle at 622 

Mb/s. | 


CONDITION 


оо 1|CLKISFAST 
1 1 о |CLKISFAST 
о 1 1]|CLKIS SLOW 
1 о о [СКІ SLOW 







The integrator (Figure 1) is 
achieved by a balanced charge- 
pump configuration with two off 


chip capacitors (pins 11 and 14). : 





ІВ. Lai and В. Walker, "А Mono- 
lithic 622 Mb/s Clock Extraction 
and Retiming Circuit’, 

ISSCC91 Paper TPM 8.7. 


Phase/Frequency 
Detector 

The phase/frequency detector is 
shown in Figure 4. In the sam- 
pling pattern of Figure 4, the 
input data is sampled at three 
points: the bit prior to the tran- 
sition, in the vicinity of the 
transition, and the bit following 
the transition. At each transi- 
tion encountered, the clock can 


Figure 4. Block Diagram of the Phase/Frequency Detector. 


be deduced as either fast or 
slow compared to the incoming 
data. This information is used 
to generate a pulse train which 
updates the integrator and 
drives the bang-bang delay ele- 
ment. 


The phase tracking of clock to 


data behaves as shown in Fig- 


ure 5. Each correction in the 
faster direction (clock phase in- 
creasing with respect to data 
phase) has slope *AF, and each 
correction in the slower direc- 
tion has slope -AF. Over time, 
the VCO phase tracks the 
phase changes in the incoming 
data. Flip-flop A (Figure 4) 
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samples at the center of the 
data eye and provides the de- 
cision circuit function. 


Lock Capture | 
Initial lock acquisition behavior 
is highly complex and works. ` 
best with high transition den- 
sities typical of pseudorandom 
bit patterns. Due to the phase 
frequency detector architecture, 
the acquisition behavior is dif- 
ferent from a typical PLL. 


Lock capture of repetitive data 
patterns becomes increasingly 
difficult as transition density 
decreases. This can cause lock 
acquisition times to be 





significantly longer than ex- 
pected or sub-harmonic false 
locks to occur. 


The fact that false lock is 
weaker than true lock is 
essential to eliminating it. 
When both true and false phase 
locks occur, a slight displace- 
ment of the data phase relative 
to clock phase produces an error 
signal in the bang-bang detector 
Which tends to restore it back to 
the original lock condition. This 
restoring force is represented at 
the integrating capacitor by a 
change in capacitor voltage 
which is in turn applied to the 
VCO to adjust the frequency. A 
simple idea to eliminate false 
lock is to connect a current 
source to the integrating 
capacitor (Figure 6). Its imme- 
diate effect is to ramp the 
capacitor voltage, 


Ics = 98 = c dV, 


which causes the VCO to sweep. 
If the capacitor charging rate is 


+AF 


. P i A 
———— Pe" 


CLOCK TRANSITION TIMES 





-AF 


Figure 5. Clock Tracking of Data | 
РҺаве. 


high enough to cancel out the 
"restoring force" current due to 
false lock, then false lock will be 
suppressed. However, the ramp 
current must not be so large it 
will suppress true lock. An 
estimate of true lock current can 
be obtained through acquisition 
lock time tacg. For example, the 
HDMP-2501 with 0.1 pF 
integrating capacitors has a іса 
of approximately 2.3 mS. 
During this time the VCO 
control voltage changes about 1 
Volt. Thus 


dV 1 Volt 
Iz С- (0.1 ҺЕ, (S33 ) = 43 нА 





is an estimate of the ramp 
current. 


А simple and inexpensive lock 
enhancement circuit is shown in 


Figure 7. The circuit consists of 


a very low frequency oscillator 
built from an inexpensive 555 
timer chip, 3 resistors and 1 
capacitor (plus a supply bypass 
capacitor). The time output is a 





Figure 6. Lock Enhancement 
Approach. 
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100 Hz TTL square wave 
applied via a large (15 kQ) 
resistor to one side of the 
balanced HDMP-2501 integra- 
tor. Since the balanced inte- 
grator circuit uses differential 
pairs, the signal can be applied 
to only one side while the other 
side responds by symmetry. 


To assist correct lock capture, 
the VCO can be forced to its 
center frequency by momentarily 
equalizing the two integration 
capacitor voltages (pins 11 and 
14) as shown in Figure 6. The 
VCO then begins its lock 
capture from the center 
frequency which, by design, is 
close to the data frequency. 


Input/Output 
Impedance Match 

The input and output are 
closely matched to 50 ohms 
impedance. This allows easy 
interconnection to other circuits 
with minimum reflection of 
signals. The return loss 
performance is shown in 
Figures 10 and 11. 


PHASE 


FREQUENCY 
DETECTOR 


FcLK 


-5.2 V TT 





Ro 15K 
ств 1. 
VOLTAGE 
TO HDMP-2501 j (10-90%) (10-90%) 
PIN 14 (C1) ИТТ 
| Figure 8. Typical Data Output 
Figure 7. Practical Lock Enhancement Circuit. Waveform. 







Figure 11. Typical Output Return 
Loss vs. Frequency. 


400 600 800 
FREQUENCY (MHz) 


(10-90%) (10-90%) 
Figure 9. Typical Clock Output Figure 10. Typical Input Return 
Waveform. шаш | Loss vs. Frequency. . =. 
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Output Drive Level 

The output driver is designed to 
deliver 0.8 V into 50 ohms, AC 
or DC coupled, as shown in Fig- 
ures 12a and 12b. 


The Voy and Voy, levels of the 
driver are such that the peak- 
to-peak voltage is approximate- 
ly 1.2 V unloaded centered 
around -1.3 V. 


For driving ECL, the line can 





combination of resistors as 
shown in Figure 12c. The 
equivalent termination of 50 Q 
shrinks the peak-to-peak volt- 
age down to approximately 

0.8 V centered about -1.3 V. 

The output impedance of the 
driver is matched to 50 Q. The 
amplitude can be increased with 
a larger termination resistance 
with minimal VSWR penalty. 
Nominal values for a 50 Q inter- 
face are R1 = 140 Q, Ro = 77 О. 


„А 





be terminated with a parallel 
AC COUPLING 
(a) OUTPUT CHIP 
DRIVER BOUNDARY 
| 
| 
| 
! 
DC COUPLING 
(b) — OUTPUT CHIP 
DRIVER BOUNDARY 











ECL LEVEL MATCH 


(c) OUTPUT CHIP 
DRIVER BOUNDARY 





ECL 


Figure 12. Output with Various Loading Conditions. 


10-60 


Performance vs. Supply 
Voltage Усе Variation 


The performance of the output 
voltage is shown in Figure 13. A 
600 mV level for ECL com- 
patibility is maintained. 


VCO lock range is relatively 
insensitive to Vez changes. The 
typical behavior is shown in 
Figure 14. 





TEMP = 25 °С 
š BER «10? 
š 
Š 
- 
o 
© 
> 
od 
< 
О 
б. 
с 
500 
-5 NOMINAL +5 
PERCENT CHANGE IN POWER SUPPLY VOLTAGE 
Figure 14. VCO Lock Range 


Variation vs. Supply Voltage, Veg. 


m 


JITTER GENERATION (PS) 


-20 0 20 40 60 80 85 


CASE TEMPERATURE (*C) 


Figure 17. Typical RMS Value Jitter 
Generation Variation vs. 
Temperature with 3.5 ps Test Set 
Jitter. 


Temperature 
Performance 


The VCO range of the HDMP- 
2501 is designed to 
accommodate variation over 
temperature. Figures 15 
through 19 show typical 
performance over temperature. 


de 
e 
e 


. Vee = -5.2V 

EE : VTrz-2V 
à воо BER «107 
u Ё 
G Ç 
= т 
ce 700 | 
x 
© 
о 
о 
> 
< 
Ó 500 
& 
E 

400 

-20 0 20 40 60 80 85 
CASE TEMPERATURE (°С) 


Figure 15. Typical VCO Lock Range 
Variation vs. Temperature. 


Š 


Q RISE TIME ps (10 - 90%) 
8 


‚© 


20 0 20 40 60 
CASE TEMPERATURE (°С) 


Figure 18. Typical Output Rise 
Time Variation vs. Temperature. 
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1000 


Vo (mV p-p) 





-5 NOMINAL +5 
PERCENT CHANGE IN POWER SUPPLY VOLTAGE 


Figure 13. Output Voltage, Vo vs. 
Power Supply, Ver, Change. 


$ 


ACQUISITION TIME (MS) 
№ 


0o 20 40 60 
CASE TEMPERATURE (°С) 


8085 


Figure 16. Typical Acquisition Time 
Variation vs. Temperature. 


1000 
800 
600 
400 0 20 40 60 808 


CASE TEMPERATURE (°С) 


Vour (mV) 


5 


Figure 19. Typical Output Voltage 
Variation vs. Temperature. 





Heat Sinking 

Heat sinks are recommended 
for this part, especially for high 
temperature operation. When 
solder mounted on a board de- 
signed with the features shown 
in Figure 20, the thermal test 
card provides a thermal re- 
sistance (junction to air) Өлд of 
approximately 40°C/W when 
measured in still air. The via 
holes shown are for thermal 
conduction between front side 
and back side metallization. 


< 5.33 (0.210) ВЕЕ > 


< 0.76 (0.030) TYP 


6.60 (0. 5.60 (0.260). 
6.10 (0.240) 99 


Package and Mechan- 
ical Considerations 


The package is a glass metal 
construction designed for ex- 
cellent high frequency electrical 
performance. The cover, base, 
and leads are gold plated Kovar 
(ASTM F-15 alloy). The me- 
chanical outline is shown in 
Figure 21. 


The base and cover of the pack- 
age are electrically isolated and 
may be grounded. The base 
may be soldered to a printed 
circuit board. 


NOTE: Maximum static pres- 
sure on package «30 PSI (MIL- 
STD-883, METHOD 1014). 
Care should be taken in 
handling and mounting so the 
pressure limit is not exceeded. 


e 
xs 


0.79 (0.031) 
0.53 (0.021) 


10.15 (0.400) 7.87 (0.310) 
9.65 (0.380) 7.37 (0.290) 


0.18 (0. ол (0007) | 


0.08 (0.003) 


1.40 M 1.40 (0.055) 0.13 (0.005) МАХ 
1.90 (0.075 r^ ч 
NOTE: DIMENSIONS IN 


гы | 0.35 (0.014) 
0.25 (0.010) (0.010) ТҰР 


Figure 21. Outline F6. 


MILLIMETERS (INCHES) 


10-62 





FRONT SIDE METALLIZATION 
OF THERMAL TEST CARD 


< us: — = 





BACK SIDE METALLIZATION 
OF THERMAL TEST CARD 


CONDUCTIVE MATERIAL: 1.0 OZ COPPER, 

GOLD PLATED 
BOARD MATERIAL: POLYIMIDE 
THICKNESS: 0.060 INCHES 


Figure 20. Circuit Mounting 
Configuration for Thermal 
Resistance Test. 


Fiber Channel 266 MBaud 





Optical Link Card 


Technical Data 


Features | 
е Conforms to ANSI X3T9.3 
Fiber Channel Standard 

(25-M5-SL-I) (ЕС-0 Layer) 

е Supports Link Lengths to 
2 km at 266 MBaud 

e Multi-Sourced Package 
Footprint . | 

° Highly Reliable Multi- 
Mode Laser for High 
Performance at Low Cost 

e Certified for Worldwide 
Class 1 Laser Safety 
Standards 

e Industry Standard SC 
Connectors | 

° Highly Integrated Surface 
Mount Construction | 

e Industry Standard TTL 
Level Interface О 


Applications 
e CPU to CPU 


e CPU to Disk/Disk Array | 


e CPU to Peripheral 

е Backplane Extender 

e High Speed Data 
Switching 

е Proprietary Point-to-Point 
Links 


Description 


Тһе HOLC-0266 optical link 
card (OLC) is a highly inte- 
grated fiber optic transmitter 


and receiver that provides a 
high speed serial link operating 
at a signaling rate of 265.625 
MBaud implementing the fiber 
channel FC-0 specification for 
Short Wavelength (SWL) opera- 
tion. This compact, double-sided, 
surface mount card conforms to 
Fiber Channel (25-M5-SL-D), a 
task group of the ANSI X3T9.3, 
Version 2.2 Standards Commit- 
tee. The optical link card is 
designed to connect to a user's 
system card and communicates 
through a 10-bit wide encoded 
data (8B/10B) interface at 
industry standard TTL levels. 


The OLC uses self-pulsating, 
SWL multimode lasers which 
are produced in high volumes, 
with proven high reliability, and 
low cost, for data transmission 
at low bit error rate (BER) 
levels. The OLC has on board 
all the functions necessary for 
sending 10-bit wide encoded 
data serially. These functions 
include the serializer, deserial- 
izer, clock recovery, laser driver, 
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LA Packar 





HOLC-0266 





SIZE: | 5 2 
HEIGHT: 0.547 INCHES (13.9 тт) 
WIDTH: 1.559 INCHES (39.6 тт) | 
LENGTH: 4.508 INCHES (114.5 mm) 


and automatic power control. 
All of these functions are imple- 
mented in silicon bipolar 
technology. In addition, the 
OLC uses an innovative open 
loop fiber control scheme that 
certifies the OLC for Class 1 
laser safety limits. The OLC 
conforms to U.S. regulation. 
DHHS 21 CFR(J), and interna- 
tionally to IEC 825. 


The optical portion of the OLC 
interfaces to multimode optical 
fiber, (recommended 50/125 um, 
62.5 um can also be used), 
through low loss, easy to use, 
push-pull SC connectors. 


Absolute Maximum Ratings 


Storage Temperature 
Relative Humidity - Storage 


Ambient Operating Temperature 


Relative Humidity Operating 


Supply Voltage 
Data Input Voltage 





Caution: It is advised that normal static precautions be taken in handling and assembly of the OLC to prevent damage and/or 
degradation which may be induced by electrostatic discharge (ESD). 
(ESD to 48 pin connector: 1000 V maximum per MIL-STD-883C HBM) (see Figure 1). 


Recommended Operating E PEE 


Pme (аршы | mi. [лумеш | Mas | Usi Гат 





Supply Voltage | 
Low Data Input Voltage 

High Data Input Voltage | 
Signaling Rate* 


Ambient Operating караша 












*For fiber channel compatibility, must be within +0.01% of 265.625 MBaud. 


Physical and 
Mechanical Description 
The layout of the HOLC-0266 is 
shown in Figure 1. The trans- 
mit and receive circuits are 
mounted on opposite sides of a 
multi-layer, surface mount card. 
The card has a top and bottom 
signal plane and four internal 
power planes with the transmit- 
ter and receiver sides of the card 
electrically isolated. A 48-pin 


44 PIN 
. PLCC 


| DESERIALIZER 
48 PIN CONNECTOR 


RECEIVER SIDE - CONNECTOR PINS EXPOSED 


28 PIN | 44PIN 
|... | PLCC ^| PLCC 


OPEN LOOP SERIALIZER 


FIBER CONTROL 


TRANSMITTER SIDE - CONNECTOR PINS DOWN 


Figure 1. OLC Layout. 


connector with 100-mil pin 
spacing is mounted onthe ( 
receiver side of the OLC for 
connection to the user's system | 
card. The laser is mounted in a 
receptacle with a graded index 
lens and an SC fiber optic | 
connector. The receiver is a PIN 
photodiode also mounted ina 
receptable and an SC fiber 
optic connector, with a trans- 
impedance amplifier mounted in 
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Still Air | 


an SOIC package under a metal 
shield. The connector ports are 
keyed and color coded to prevent 
misplugging. The receiver port 
is colored ке the transmit- - | 
ter port is black. | 


Electrical connection to de 
users system card is through 
the 48-pin connector (see note 
17 on page 16). The OLC also 
uses a molded plastic frame . 
with J-clips for precisely and 
securely mounting the OLC to 
the user's system card. A 
detailed outline drawing 
showing the dimensions of the . 
card and mounting bracket is 
given in Figure 2. | 


YELLOW COLOR IDENTIFIES 
RECEIVER PORT 


12.7 (0.50) 


13.9 MAX (0.547) 






13 MAX (0.512) TO PC BOARD SURFACE 





9.67 





(0.381) 


32.17 (1.267) 
31.91 (1.256) 


DETAIL A 


7.5 MIN (0.295) 


"un 


3.75 (0.148) 
Q 5.56 (0.219) 


3.82 


10.03 MIN K 
(0.150) 


NOTES: 

« ABOVE DETAIL SHOWS MOTHER 
BOARD MOUNTING HOLE FOR THE 
J-CLIP AND RECOMMENDED 
CLEARANGE DIMENSIONS FOR 
J-CLIP "FOOT." | 

° J-CLIP IS DESIGNED ТО 
ACCOMMODATE MOTHER BOARD 
THICKNESS IN RANGE OF 
1.5 (0.059) 

1.2 (0.047) 


13.25 (0.522) 


J-CLIP 


114.5 MAX (4.508) 
100.11 (3.941) 
6.15 (0.242) 
2.54 (0.1) 


J-CLIP 
(4 PLACES) . 





DETAIL A 


| 61.7 (2.429) 
61.44 (2.419 


BOTTOM VIEW 


DIMENSIONS IN mm (INCHES) 









/- 





7.37 MIN (0.290) 
BEARING SURFACE 
(BASE OF 48 
CONNECTOR PINS) 


MOTHER BOARD BEARS 
ON THIS SURFACE 
(4 PLACES) 


3.6 (0.142) 


39.6 
MAX 
(1.559) 


54 32.17 (1.267) 
(01) 31:91 (1.256) 


4 ROWS OF 12 
PINS EACH ON 
2.54 mm SPACING 


PIN 1 


Figure 2. Optical Link Card Dimensions and Recommended Mounting Dimensions. 


Electrical Description 


Figure 3 is a block diagram of 
the transmitter, receiver and 
open loop fiber control portions 
of the HOLC-0266. 


Transmitter: | 
10-bit wide encoded TTL level 
transmit data enters the shift 
register portion of the 44-pin 
PLCC serializer chip. This data 
is shifted out using an internal 
VCO at 265.625 Mb/s to the AC 
drive. А phase locked loop 
(PLL) generates the 265.625 
MHz clock for the shift register, 
and the clock is phase locked to 
the user supplied 26.5625 MHz 
transmit clock. The AC drive 
modulates the 780 nm semicon- 
ductor laser with the serialized 
data. The DC section of the 
serializer controls the laser bias, 
keeping the laser at a correct 
preset power level. The DC 
drive also includes safety cir- 
cuits that will disable the laser 
if an on-card fault occurs that 
could produce an unsafe laser 


power level. À multiplexer is 
used to provide the serialized 
data to the deserializer for 
operation of the OLC in the 
loopback mode. 


Receiver: | 

The incoming laser light 15 
received by a silicon PIN photo- 
diode. This signal is amplified 


by the transimpedance amplifier 


which is contained in a 14-pin 
SOIC under the preamplifier 
shield. The PLL phase locks a 
265.625 MHz clock to the 
incoming data and sends the 
data and the clock to the shift 
register of the 44-pin deserial- 
izer chip to be deserialized. The 
shift register uses a byte sync 
detector that detects the first 
seven bits of one polarity of the 
K28.5 character to enable 
complete bytes to be unloaded 
from the shift register without 
being fragmented. The deserial- 
izer recovers the clock and 
drives the 10-bit wide receive 
encoded data on the bus at TTL 
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levels. Low speed Receive Clock 
0 and Receive Clock 1 are 
output for use (see Figure 7). 


Open Loop Fiber Control 
(ОЕС): | Е 

Two complementary phases of 
the 265.625 MHz clock are 
generated. The transition 
detector and the DC detector 
detect a minimum AC and DC 
level entering the PIN photo- 
diode. These redundant signals 
are used by the open fiber 
control chip, a 28-pin PLCC 
module, as a safety interlock to 
shut down the link in the event 
of an open optical fiber. If the 
fiber is open, the OFC module 
pulses the laser at a low duty 
cycle. This produces Class 1 
optical power in the open fiber. 
When the fibers are reconnected, 
the OFC returns the laser to 
continuous power. See the 
"Open Loop Fiber Control" 
section of this data sheet (page 
10) for further information. 









s С | LINK CONTROL (47) 
OPEN LOOP | 
FIBER [P^ POWER ON RESET TEST POINT (POR TP)(30) 


CONTROL У LINK STATUS (38) 












DESERIALIZER 
ВЕ 














TRANSITION 
DETECTOR 


DC 
DETECTOR 






RCV BIT a (06) 
RCV BIT b (17) 
RCV BIT c (27) 
RCV BIT d (16) 
RCV BIT e (04) 
RCV BIT | (14) 
RCV BIT f (03) 
RCV BIT g (25) 
' RCV BIT В (13) ` 
RCV BIT | (01) 
BYTESYNC(37 -... 
BYTE SYNC ENABLE (20) 


OPTICAL » PHOTO 
FIBER DIODE 


КБЕРШЕБШЕЕ 
КААААААААЛ — — — 


NA 
l: 


CLOCK0(19) -- ` 


| 
CLOCK p 
N сіоск1(0) = 


СЕМЕНАТОН 


С] LOCK TO REF (23) 
<] LOOPBACK ENABLE (36) 
— | XMT CLOCK (12) ... 
> 






— 
| 


СТ XMT БІТ j (42) 
<] XMT BIT h (43) 
XMT BIT g (44) 
XMT BIT f (32) 
XMT BIT 1 (46) 
XMT BIT e (09) 
XMT BIT d (33) 
< | XMT BIT c (22) 
< | XMT BIT b (10) 
XMT BIT a (34) 


OPTICAL 
FIBER < 


А м 
MM 


ER. fa JN 


LASER FAULT (40) - 





-— — == — — — — «онын» ee ee eee eee 


SERIALIZER 
." POWER AND GROUND CONNECTIONS 


SERIALIZER «5 V (08)(24) 
|: DESERIALIZER +5 V (31/48) | 
TTL DRIVER +5 V (0515) - 
SERIALIZERGND (1129) 
| | | | | .  DESERIAUZER GND (21)(35)(41) | 
CONNECTOR PINS DENOTED IN PARENTHESES | ' TTL DRIVER GND (02)(18)(26)(39) 


Figure 3. HOLC-0266 Functional Block Diagram. 
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Electrical Interface ` 
Figure 4 defines the functions of 
the 48 connector pins. The pin 
functions and pin numbers are 
as viewed on the HOLC-0266 
with the connector pins pointing 


37 * Byte Sync .25 ° RCV bit g 


38 * Link Status 26 * TTL Gnd > 
39 • ТТІ, Gnd 27 * RCV bit c 
40 * Laser Fault 28 * No Connect 


41 ® Deserializer Gnd 29 e Serializer Gnd 


.42 ° Xmt bit j 30* PORTP ` 
43% Xmt bit h 31 * Deserializer +5У 
44 * Xmt bit g 32 * Xmt bit f 

45 ° No Connect 33 ° Xmtbitd | 
46 ° Xmtbiti | 34 * Xmt bit a» 


47 е Link Control _ 85 ° Deserializer Gnd 


a 48 ө Deserializer МУ 36 е Loopback Enable 


Figure 4. Connector Pin Definition (Pins Up) 


up toward the viewer. These 
functions will be discussed in 
detail in the “OLC Input 
Definitions" (page 6) and "OLC 
Output Definitions" (page 6) 
sections of this specification. 


_ 13 * RCV bit h 


15 ° TTL +5У 


220» Byte Sync Enable 


_ 91 * Deserializer Gnd 


Figure 5 represents the 
interface between the OLC and 
the user's system. The OLC ` 
interfaces directly with the ` 
encode/decode logic of the user's 
system. BM 


e RCVbitj = 
14 * RCV bit i 2 «ТТІ, Gnd 
3 • ВСУ bit f 
16 ° RCV bit d 4 * RCV bite 
17 ° RCV bit b 5 «ТТІ, +5V 
18 е TTL Gnd  6*RCVbita _ 
19 • RCV Clock 0 7 * RCV Clock 1 
8 • Serializer +5V 
9 • Xmt bite 
22 • Xmt bit c | 10% Xmt bitb 
23 * Lock to Reference lie Serializer Gnd | 


24 * Serializer +5У 12 * Xmt Clock | 






TRANSMIT DATA / 10 LINES 


TRANSMIT CLOCK ` 
LOOPBACK ENABLE 


LOCK TO REFERENCE 









LINK CONTROL 


| BYTE SYNC ENABLE 


RECEIVE DATA / 10 LINES | 
RECEIVE CLOCKS / 2 LINES 







SYSTEM 
(ENCODE/DECODE 


HOLC-0266 
| LOGIC) 


Figure 5. OLC/System Interface Signals. 
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OLC Input Definitions 
Transmit Data: | | 

Ten transmission lines carry 10- 
bit wide encoded data from the 
systems encode logic to the OLC 
to be received by the shift 
register of the serializer. The 
data will be serialized and 
launched onto the fiber starting 
with bit "a" and ending with bit 
"j" (see Note 8). 


Transmit Clock: 
The serializer uses the Trans- 
mit Clock to synthesize the 
265.625 MHz clock (see Note 9). 
Figure 8 shows the relationship 
between the Transmit Clock 
and the Transmit Data. A 
minimum duty cycle of 4096 is 
required for this clock to operate 
properly. À maximum of 10 ns 
jitter (peak to peak) is allowed 
on the rising edge of this clock. 


Loopback Enable: 

This active high signal wraps 
the Transmit Data from the 
Serializer to the Deserializer 
(see Note 10). The laser is 
disabled while Loopback Enable 


= LASER DRIVE ON OLC1 FAILS 


is active. Once Loopback Enable 
is deactivated one of two events 
will occur. If the link was active 
and operating prior to Loopback 
Enable being activated, the 
laser will be activated and will 
stabilize within 1.8 us. If the 
link was not active prior to 
Loopback Enable being acti- 
vated, the laser will pulse after 
10.1 seconds and continue to 
pulse until the fiber is con- 
nected. See the section entitled 
“Open Loop Fiber Control" (page 
10) for a complete description of 
the safety interlock. 


Lock to Reference: 

This is an active low signal that 
synchronizes the Deserializer 
phase locked loop to the 
Transmit Clock (see Note 11). 
This signal should stay on for 
approximately 8 us. The 


Deserializer will be locked to 


the incoming serial data in less 
than 8 us after Lock to Refer- 
ence is deactivated. The 8 и 
time period is approximate and 
is intended to represent the 
correct order of magnitude. 


LASER 

FAULT OLC1 | 
LINK м 
STATUS OLC1 | 


LASER 
FAULT OLC2 





Dus OLC2 ` | 
SYNC OLCI LLL UL 
woo DLL LE 


Figure 6. Laser Fault Sequence. 
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Link Control: 

This active high signal turns the 
laser off (see Note 12). When 
this line is deactivated, the 
Open Loop Fiber Control 
Module will connect the link ` 
within 10.1 seconds. 


Byte Sync Enable: 

Asserting the active high signal 
makes the Deserializer reset the 
Receive Clocks when a comma 
character (see Byte Sync) is 
detected (see Note 11). When 
this signal is low, the comma 
character is treated as normal 
data. 


OLC Output Definitions 
Receive Data: 

Ten lines are used by the 
Deserializer to send 10-bit wide 
encoded data to the system's 


. decode logic (see Note 6). These 


signals are clocked by the 
systems receive clocks inside 
the decode logic. The relation- 
ship between Receive Clocks. 
and Receive Data is shown in 
Figure 7. If no light is received 
by the PIN photodiode, or the 
PLL is out of lock for some other 
reason, the Receive Data lines 
will be random. А Loopback 
Enable mode initiated on an 
upstream OLC will cause the 
Open Loop Fiber Control 
module on that OLC to turn its 
laser off. Under these condi- 
tions, data at the output of the 
downstream deserializer will be 
invalid. In addition, if the 
Deserializer is in the Lock to 
Reference mode, the Receive 
Data will be invalid. 


Receive Clocks: 

The Deserializer generates two 
complementary clocks for use by 
the system's decode logic to 
clock the Receive Data into an 
elastic buffer (see Note 6). These 


clocks will be reset anytime a 
Byte Sync word is received. If a 
Byte Sync word is received 
asynchronously (see Figure 7), 
the Receive Clocks will imme- 
diately be reset. The worst case 
duty cycle of the Receive Clocks 
is 3096. If no light is received by 
the PIN photodiode, or the PLL 
is out of lock for some other 
reason, the Receive Clocks will 
be operating at a frequency 
between 17 MHz and 33 MHz. 


Byte Sync: 

This active high signal is driven 
by the Deserializer (see Note 6). 
When the Deserializer detects a 
comma character, it sets the 
Byte Sync high for one cycle 
indicating the start of a frame. 
The Receive Clocks are reset 
according to Figure 7. The 
comma detect function detects 
the first seven bits of one 
polarity of the K28.5 character 
(0011111010) as defined in the 
IBM Journal of Research and 
Development, Vol. 25, No. 5, 


September 1983, 8B/10B Trans- 


VCO (INTERNAL) 


SET 4 PHASE CLOCK 
(INTERNAL) 


LOAD DATA REGISTER 
(INTERNAL) 
PARALLEL RECEIVE DATA 


RECEIVE DATA VALID 


«15.0 ns ==] 
BYTE SYNC 


RECEIVE CLOCK 0 


RECEIVE CLOCK 1 


pate e BYTE 


|ча— 


mission Code. Bit a is launched 
on the fiber first, bit j is last. If 
no light is detected by the PIN 
photodiode, or the PLL is out of 
lock for some other reason, the 
Byte Sync line will pulse 
randomly. 


Link Status: 

This active high signal is driven 
by the Open Loop Fiber Control 
circuitry (see Note 7). Link 
Status high indicates an open 
fiber connection. In this mode, 
the Open Loop Fiber Control 
will be pulsing the laser at a low 
power level, meeting Class 1 
safety requirements. Once the 
fiber is reconnected, the link 
will be re-established in less 
than 10.1 seconds. It takes 
several milliseconds for Link 
Status to go high after the fiber 
is disconnected. Invalid Receive 
Data and Byte Sync will occur 
prior to the Link Status being 
activated high. 


| | е 
. П . [1 Л 


ОАТА ВУТЕ 
ыы lF«— >2.5 ns 


edis BYTE 


A E Xu 


->і|-“-- »2.5 ns 


-- 18.8 ns + 1.7 ns 


EM кеі Perm 


NOTE: ALL CRITICAL TIMINGS ARE REFERENCED TO THE POSITIVE EDGE OF THE 
CLOCKS, ASSUMING 30 pF OUTPUT LOADS ON CLOCK AND DATA LINES. 


Figure 7. Deserializer Interface Receive Timings. 
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Laser Fault: | 

This active high signal is driven 
by the Serializer (see Note 7). 
Once an improper power level in 
the laser driver is detected, the 
Serializer activates the Laser 
Fault and the laser is turned off 
in approximately 1 ms. During 
power up, the laser control loop 
will stabilize in less than 100 | 
ms after the supply reaches 4.0 
V. When the Laser Fault is 
activated, the Open Loop Fiber 
Control shuts down the laser 
through two independent paths 
so a single malfunction cannot 
prevent the laser from being 
turned off. The OLC receiver 
connected to this laser will 
detect a loss of light (no light at 
the PIN photodiode), and Link 
Status will be activated. Figure 
6 shows the sequence of events 
during a laser driver hardware 
malfunction. 


Power On Reset Test Point 
(POR TP): 

This signal is used to test the 
ОТС (see Note 7). POR TP іѕ аё 
an undetermined level when the 
+5 V supply is below 3.6 V. POR 
TP is low when the supply is 
between 3.6 V and 4.75 V, and it 
is high when the supply is 
greater than 4.75 V. 


Link Operation 


Serial Link Receive Operation: 
The Deserializer generates two 
complementary clocks for use in 
clocking the parallel data coming 
from the Deserializer. Each of 
the Receive Clocks has a 
nominal 37.65 ns period. Figure 
7 shows the relationship of the 
Start Byte, the Receive Data, 
the Byte Sync Pulse, and the 
two Receive Clocks generated by 
the Deserializer. 





Serial Link Transmit | powered up or the fiber is * The upstream station should 


Operation: | connected, the receive PLL will transmit valid 8B/10B encoded 
The Serializer uses a single- be out of bit sync. Random data data. The transmitting station 
phase 37.65 ns Transmit Clock will be on the 10 receive data clock and the receiving station 
for transmit operations. lines, the Byte Sync line will clock frequencies must be 
Figure 8 shows the timing . A pulse randomly, and the Receive within 0.5% of each other for 
relationship of the Transmit : Clocks will not be at 26.5625 — рее lock to be assured. 
Clock and the Transmit Data. MHz. To acquire bit sync, the 

| " A link acquisition sequence must ө Bring Lock to Reference high 
Link Acquisition Sequence: be followed. This has no effect. weil at least 8 Аш | 
The following sequence and on the transmit data. 
conditions are required for ° The OLC will now be in bit 
proper OLC operation. The . œ Bring Lock to Reference low ` sync. The data on the receive 
receive PLL will not self-lock to for at least 8 ив after the Link lines will be correct. 


the incoming data stream. For Status line is low. 
example, when the card is | Eo s 


ре 37.65 пѕ И 





TRANSMIT CLOCK 


о Я EM" 
e | e | | 
e e | Е. 
TRANSMIT DATA | 
| DATA BYTE | | DATA BYTE | B "D 
° 


VCO (INTERNAL) 


DATALOAD ` 
(INTERNAL) 





or irn Е Жж WH 


|— 4 п МІМ 


NOTE: ALL CRITICAL TIMINGS ARE REFERENCED TO THE POSITIVE EDGE OF THE TRANSMIT 
CLOCK. JITTER OF THE POSITIVE EDGE MUST BE LESS THAN 1.0 ns. 


Figure 8. Serializer/Deserializer Interface Transmit Timings. 
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Electrical/Optical Characteristics (T, = 10°C to 50°C, Усс = 4.75 V to 5.50 V) 
Transmitter Section | | _ т 
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Power Dissipation — |09| | 1.8 
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Optical System Performance 





Parameter 





Optical Power Budget OPB 
Bit Error Rate 


ЖЕНЕ 

| BER | — 

SC Optical Connector Attenuation — | 
G 

— 


Attenuation (EOL) MAN 
Connects/Disconnects b 


*For fiber channel compatibility, must be within +0.01% of 265.625 MBaud. 
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Open Loop Fiber 
Control | 
А safety interlock is provided by 
the Optical Fiber Control (OFC) 
module on the OLC. When the 
OLCS are connected as in 
Figure 9 (below), the OFC 
module detects when a fiber is 


opened. This sequence is shown ` 


in Figure 10. If Path A is 
opened, the OFC on OLC2 
detects it and pulses its laser at 
a low duty cycle. The OFC on 
OLCI detects this pulse signal 
and also pulses its laser at a low 
duty cycle. This provides Class 1 


optical power in Path A, the 
open path. OLC1 launches a 
pulse synchronously with the 
pulse it receives on Path B. 


OLC2, however, receives no 
. pulse and continues in inactive 


mode, launching pulses. When 
Path А is restored, OLC2 
receives pulses synchronously 
with its transmit pulses. OLC2 
then turns off its laser and 
confirms that its receive pulse 


disappears in 1.23 ms. If it does, 


OLC2 then turns on the laser 
and confirms that it receives 


FIBER PATH A 
FIBER PATH B 


Figure 9. OLC Fiber Connection. 


Laser Safety Com- 
pliance Requirements 


This product is designed and 
certified as Class 1. It is to be 
used only with another Hewlett- 
Packard HOLC-0266 or a certi- 
fied equivalent OLC to ensure 
Class 1 performance. This 
equivalent OLC must contain 
the Open Fiber Control system 
as described in the "Open Loop 
Fiber Control" section (above) of 
this specification. This is a 
requirement for proper opera- 
tion of the HOLC-0266. Figure 
10 contains a description of the 
open loop fiber control sequence. 


The functional power supply 
range is specified at 4.75 V to 
5.5 V. Operation outside this 
range may degrade performance 
and lifetime of the OLC. The 


_ System using the OLC must 
provide power supply protection 


that guarantees a voltage of 5.0 
V + 20% to maintain Class 1 
operation. 


Connection of an OLC to a non- 
approved optical source or 
operating the power supply 
below 4.0 V or above 6.0 V may 
result in hazardous radiation 
exposure, and may be considered 
an act of modifying or new 
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light in 671 ps. If it does, it 
keeps the laser on. This con- 
firms that the first synchronous 
pulse actually came гот _ 
another OLC. The OFC goes to 
Active Mode and the laser is on 
continuously. Continuous power 
is now restored to both paths. 
The longest time that this 
reconnect sequence will take is 
10.1 seconds. Note that the term 
synchronous used in the above 
discussion is valid since the 
delays on the OLC and the time | 
of flight on the fiber are insig- 


nificant compared to 617 us. 


manufacturing of a laser product 
under US regulations contained 
in 21 CFR(J) or CENELEC 
regulations contained in HD 482 
S1. The person(s) performing ` 
such an act are required by law 
to re-certify and re-identify the 
product in accordance with the ` 


provisions of 21 CFR(J) for 


distribution within the U.S.A., 
and in accordance with provi- 
sions of CENELEC HD 482 S1 


(or successive regulations) for 


distribution within the | 
CENELEC countries or coun- 
tries using the IEC 825 stan- | 
dard per VDE Reg. Nr. 3642. 





e 
e 


erc 2222222222 TM 


š ` 


же --- 





Figure 10. Open Loop Fiber Control Sequence. 
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Notes: 
1. Launched optical power is 


measured at the end of a 2 m 
section of a 50/125 um fiber 
with a nominal МА = 0.20. The 
maximum and minimum of the 
allowed range of average 
transmitter power coupled into 
the fiber are worst case values 
to account for manufacturing 
variances, drift due to tempera- 
ture variations, and aging 
effects; and operation within 


the specified minimum value of ` 


extinction ratio. 


2. Extinction Ratio is the mini- 


mum acceptable value of the 
ratio of the average optical 
energy in a logic level one to the 
average optical energy in a log 
level zero measured under fully 
modulated conditions in the 
presence of worst case 
reflections. 


3. RIN, is the laser noise 


measured relative to average 
optical power with 12 dB return 
loss. 


4. Eye opening is the portion of the 


bit time which is error free for a 
given bit error rate (BER). The 
Fiber Channel standard for 
BER is < 10-12. The general 
laser transmitter pulse shape 
characteristics are specified in 
the form of a mask of the 
transmitter eye diagram. These 
characteristics include rise 
time, fall time, pulse overshoot, 
pulse undershoot, and ringing, 
all of which should be controlled 
to prevent excessive degrada- 
tion of the receiver sensitivity. 
For the purpose of an assess- 
ment of the transmit signal, it 
is important to consider not 
only the eye opening, but also 
the overshoot and undershoot 
limitations. The parameters 
specifying the mask of the 
transmitter eye diagram are 
shown in Figure 11. 


5. Random Jitter (RJ) is due to 


thermal noise which may be 
modeled as a Gaussian process. 
The peak-to-peak value of RJ is 
of a probabilistic nature and 
thus any specific value requires 
an associated probability. 


. NORMALIZED AMPLITUDE 





NORMALIZED TIME 


Figure 11. Eye Diagram. 


Мон MAX 4.0 V 


Уон MIN 24 V (4.0 mA) 


VoL MAX 0.4 V (4.0 mA) 





Мо MIN 0 V 


Figure 12. Receive Clock, Data and Byte Sync Driver Levels. 


Мон MAX Усс 


Von MIN 2.4 V (2.0 mA) 


VoL MAX 0.4 V (2.0 mA) 


Vg, MIN 0 V 


Figure 13. Link Status, Laser Fault and POR TP Driver Levels. 


V H МАХ Усс (10 МА) 


Vin MIN 2.0 V 


Vy, MAX 0.8 V 


Vj, MIN 0 V (1.0 mA) 


Figure 14. Transmit Data Receiver Levels. 
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12. Fi 


6. The drive levels given are 


appropriate for Receive Data, 
Receiver Clock, and Byte Sync 
signals. The Receive Data, 
Receive Clock, and Byte Sync 
TTL drivers are push-pull totem 
pole drivers with а 25 Q series 
resistor to dampen transmission 
line reflections (see Figure 12). 


7. The Link Status, Laser Fault, 


and POR TP lines are control 
signals that should be treated 
as asynchronous lines. The 
drive levels for Link Status, 
Laser Fault, and POR TP are 
shown in Figure 13. 


8. Figure 14 shows the receive 


levels for the Transmit Data 
lines. 


9. Figure 15 shows the receive 


levels for the Transmit Clock. 


10. Figure 16 shows the receive 


levels for the Loopback Enable. 


11. Figure 17 shows the receive 


levels for the Lock to Reference 
and Byte Sync Enable lines. 


gure 18 shows the receive 
levels for the Link Control line. 


13. The minimum and maximum 


values of the average received 
power in dBm give the input 
power range to maintain a BER 
< 10-12. These values take into 
account power penalities caused 
by the use of a transmitter with 
worst-case combination of 
transmitter spectral, extinction 
ratio and pulse shape 
characteristics. 


14. Optical Fiber with core 


diameter of 50 um and cladding 
diameter of 125 um, and a 
nominal Numerical Aperture of 
0.20 is recommended. The 
modal bandwidth (-3 dB optical 
minimum) of the 50/125 шп 
fiber should be 500 MHz « km at 
a wavelength of 850 nm. This 
allows for a modal bandwidth of 
400 MHz « km at 780 nm. Fiber 
attenuation should be 3.0 dB/ 
km maximum at 850 nm. This 
allows for a fiber attenuation of 
4.0 dB/km maximum at 780 nm. 


15. Optical fiber with a core 


diameter of 62.5 ит, and a 
nominal Numerical Aperture of 
0.275 can also be used with the 
HOLC-0266 OLCs. The modal 


Мун MAX Усс (10 pA) 


Уін MIN 2.0 V 


Vj, MAX 0.8 V 


Vj, MIN 0 V (2.0 mA) 


Figure 15. Transmit Clock Receiver Levels. 


Мн МАХ Усс (10 uA) 


Уін MIN 2.0 V 


V L МАХ 0.8 V 


Figure 16. Loopback Enable Receiver Levels. 


Мн MAX L Усс (10 uA) 


Vi, MIN 2.0 V 


Уң MAX 0.8 V 


Figure 17. Lock to Reference and Byte Sync Enable Receiver Levels. 


Уін MAX Vcc (10 uA) 


V L MIN 2.0 V 


V МАХ 0.8 V 


V LMIN 0 V (10 pA) 


Figure 18. Link Control Receiver Levels. 
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bandwidth (-3dB optical 


minimum) shouldbe 160 MHz». [Е т 
km at a wavelength of 850 nm. Ж (13.7) 
The length limit of 0.70 km is CJ M 
due to the restricted fiber 

bandwidth. 


SIZE TO FIT 

16. The optical interface connector к 
dimensionally conforms to the 
industry standard SC type 
connector documented in JIS- 
5973. A dual keyed SC 
receptacle serves to align the 
optical transmission fiber 
mechanically to the OLC. The 
transmit side of the receptacle didam 
is color coded black, the receiver gag, ЕЕ = E T3 
side of the receptacle is color 
coded yellow. See Figure 19 for | 
а drawing of the duplex SC Ç: ! 
receptacle that is part of the 
OLC. 


17. А possible source of the SC Figure 19. Duplex SC Receptacle. 


Duplex Cable Assembly is: 
Alcoa Fujikara Ltd. 
Telecommunications Division 
P.O. Box 5831 
Spartanburg, South Carolina 
29304 
Phone# (803) 439-5160 
Fax# (803) 433-5353 
Product: SC Duplex Cable 
Assembly with HP Clip 
P/N: C020818 
А possible source of the 48 pin 
connector product is: 
3M Company 
Electronics Product Division 
P.O. Box 2963 
Austin, TX 78763 
Phone#: (800) 225-5373 
Fax#: (800) 325-5329 
Product: 48 Position, 4 Row, 
100 mil Spaced Board Mount 
Socket Connector P/N: 
962456-01-12-30 













VY 
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Designer Kit Ordering 
Information 

Fiber Channel 266 MBaud 
Optical Link Card Designer's 
Kits may be ordered through 
your local HP Components 
Representative or authorized 
HP Components distributor. 


Designer Kit 


Part Number | Kit Description 


HOLC-K266 Two HOLC-0266 cards, 4m SC Duplex Cable 
Assembly, Two 48-pin electrical connectors, 
and literature 
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silicon Bipolar Monolithic 
Variable Gain Amplifier 


Technical Data 





Features Plastic SO-8 Package 


e 3 dB Bandwidth: DC to 
2.5 GHz 


e° Temperature 
Compensated Bias 


e Single Ended or 
Differential Operation 


e Low Cost Plastic Surface 
Mount Package 


e Linearized Gain Control 
(521 Magnitude) 





Functional Block Diagram and Pin 
Configuration 


Applications 
° VHF/UHF Transceivers 


° RF Data Links 
° Broadband LAN's 


HPVA-0180 

Absolute Maximum Ratings, TA = 25°С* 

Device Voltage, Vcc................................................................. 7 Volts 
RF Input Power, P;is............................................................. +10 dBm 
Gain Control Voltage, VcGc........................................... 0 Volts to Усс 
Junction Temperature, T;....................................................... +150°C 
Storage Temperature, Tytg .......................................... -55? to +150°С 


*Operation in excess of any one of these conditions may result in permanent damage 


to this device. 


Care should be taken to prevent Electro Static Discharge (ESD) that could 
permanently damage the device. (Class II sensitivity) 

Notes: 

1. А 0,4 of 200°C/W should be used for derating and junction temperature 
calculations: Ty = (Pp x 054) + Ta | 

2. Maximum soldering temperature is 260°С for 5 seconds. 
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HPVA-0180 |. - 





Description 

The HPVA-0180 is a silicon 
monolithic variable gain 
amplifier in a plastic surface 
mount SO-8 package. It is de- 
signed for wide or narrow band- 
width applications from DC to 
2.5 GHz. The amplifier pro- 
vides 20 dB gain (26 dB in dif- 
ferential operation) with 20 dB 
gain control over its entire DC 
to 2.5 GHz bandwidth, and dis- 
sipates only 250 mW from a 
single 6 volt power supply. The 
device may be operated in any 
combination of single-ended or 
differential input/output con- 
figurations. 


The internal signal path of the 
amplifier is fully differential to 
achieve the highest possible im- 
munity against transition noise. 
The HPVA-0180 also features a 
band-gap voltage reference to 
stabilize the bias against tem- 
perature variations and a gain 
control linearizer for linear gain 
change with gain control 
voltage variation. 


The device is manufactured us- 
ing Hewlett-Packard's 13 GHz 
Fi, 25 GHz F max silicon bipolar 
integrated circuit process. 


Electrical Specifications, TA = 25°C 





Parameters / Test Conditions: Усс = 6 V, 2 = 50 Ohms, ` 
Symbol| Single Ended Operation, Gain Set = +20 dB 


Small Signal Gain 185,12, Усс = 5 Volts, f = 300 MHz 
3 dB Bandwidth 


Gain Control Range f = 300 MHz, Усс = 3 to 5 Volts 
Output Power at 1 dB Gain Comp. Ё= 300 MHz 


Output 3rd Order Intercept Point, F1 = 300 MHz, 


ol ИНЕСІ НЕЕ 


ШЫ 


С 
Усс 
Piap 


F2 2 305 MHz 


50 Ohm Noise Figure f= 300 MHz — 


VSWR | Input VSWR Усс = 3to 5 Volts, f = 10 MHz to 2,000 MHz 
Output VSWR Усс = 3 to 5 Volts, f = 10 MHz to 2,000 MHz - 


Isolation, 151912, f = 300 MHz | 
AG Gain Flatness fz 10 MHz to 2,000 MHz | 
Supply Current 


Gain Control Supply Current 
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Transmission lines (50 ohms) are recommended for all RF input and output connections. 
The use of chip capacitors and chip resistors will minimize unwanted parasitics. 


Typical Biasing Configuration 
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HPVA-0180 Typical S-Parameters 
Zo = 50 Ohms, ДА = 25° С, VCC = 6 V, LG Set for Nominal *20 dB Gain. 


"e Sic 
"Pa n - нш Mag. 





10.38 44.3 0.007 34 
10.23 -39.3 0.011 113 
1031 -7 | 44059 0.009 68 
10.05 -35 -33.7 0.001 56 
10.05 -53 -32.0 — 0.025 38 
9.75 -70 -27.0 0.045 23 
9.32 -87 -27.7 0.041 15 
8.94 -102 | -26.5 0.047 3 
865 -116 | -27.7 0.041 -30 
8.66 -130 | -29.2 0.035 -31 
9.88 -145 | -318 0.026 -61 
8.91 -161 | -30.7 0.029 -76 
924 -18 | -409 0.009 -47 
9.33 166 | -373 0.014 -21 
9.35 149 | -36.3 0.015 3 
9.59 132 311 0.008 10 
9.45 115 -30.1 0.031 -13 
9.40 97 -28.3 0.039 0 
9.21 79 -28.2 -0.039 -16 
9.45 62 -25.9 0.051 -32 
9.29 45 -24.7 0.058 -46 
9.58 28 -24.1 0.062 -62 
9.85 9 -25.6 0.053 -49 
10.00 -12 -24.3 0.061 -60 
9.79 -33 -22.7 0.073 -71 
943 -56 -23.6 0.066 -84 
8.57 -76 -25.1 0.055 -90 
7.89 -95 -24.6 0.059 -101 
6.80 -115 | -22.8 0.072 -99 
6.00 -134 | -23.7 0.065 -101 
5.50 -153 | -21.6 0.083 -115 
5.03 -169 | -23.0 _ 0.071 -125 
4.50 178 -23.7 0.065 -115 
400 162 -21.0 0.089 -119 
367 147 | -209 0.091 -185 ` 
3.28 130 -20.6 0.094 -М4 
2.88 115 -20.2 0.098 155 | 
1.81 44 -19.0 0.1212 -166 
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HPVA-0180 Typical Performance Parameters | 
Zo = 50 Ohms, TA = 25° С, УСС = 6 V, VGC Set for Nominal +20 dB Gain. 


Linear Phase | Relative Gain 
Frequency | Deviation Phase | Deviation 


- Meg.) ° (Deg.) (dB) 
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HPVA-0180 Typical Parameters ^ 


LAUREL 
Шегі ШҮУ 
АННА 





| 20 ЕИЯШШЕ 





GAIN (dB) 
o 





-5 
10 50 100 1,000 4,000 
FREQUENCY MH» | 


Figure 1. Typical Gain vs. Frequency over 
Gain Control Range at 25° C 
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ШЕН 
-5 — GAIN = 15 dB T 


















P, gg (dBm) 


` 40 50 100 500 1,000 4,000 
FREQUENCY (MHz) 


Figure 3. Typical P, ав vs. Frequency over 
Gain Control Range at 25° C 
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GAN= =008 (6 
Gam - "m AUS 


| 
GAIN = 10 dB СТТ 









АШЫ 
ш 

5 15 | САІМ = 20 dB M cree elt 
9 10 


0 UA ВА 
| 100 


10 500 1,000 
FREQUENCY (MHz) 











Figure 2. Typical Noise Figure vs. Frequency 
over Gain Control Range at 25? C 
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Figure 4. Typical Linear Phase vs. Frequency 
over Gain Control Range at 25? C 


(continued) 


HPVA-0180 Typical Parameters 


ДИЕТ 
ТЇГЇ 
ТЇШ 
ДИ 
CALAMI 
ТШ HL YT 


10 50. 100 .. 500 1,000 4,000 
FREQUENCY (Mis) 


2.5:1 







2:1 






VSWR 






1.5:1 






1:1 
Figure 5. Typical Input and Output VSWR vs. 
Frequency Gain = 20 dB at 25° C 
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Figure 7. Typical Gain vs. Усс at 300 MHz at 
Three Temperatures 








Мес (V) 


Figure 6. Typical I cc vs. Усс at 25°C 
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Figure 8. Typical S21 vs. Усс at 300 MHz at 
Three Temperatures 


RF OUTPUT (mV) 


TIME = 5.00 nsec/DIV 
Figure 9. Typical Pulsed Усс Response with RF Frequency of 100 MHz at 25°С 


Theory of Operation ee 

Figure 10 shows the simplified voltage, Vac. The output buffer — HPVA-0180's gain with respect 
schematic for the HPVA-0180. has 50 Ohm output impedance to Vac. The band-gap voltage 
The signal path is a cascade of and is designed to drive 50 Ohm . reference generates a bias volt- 


an input buffer, a variable-gain loads. The HPVA-0180 also age, Vyias, to drive all of the cur- 
stage, and an output buffer. contains a Усс translator anda rent sources in the circuit. The 
The input buffer provides 50 Q band-gap voltage reference. . voltage Vbias is temperature 
input impedance and proper The Усс translator takes the compensated so that the output 
bias voltage for the variable- external gain-controlling volt- current of all of the current 

gain stage. The variable-gain age, Vac, and generates Vgc) sources will remain stable over 
stage is the main amplifier, | and Уссо to control the var- a wide temperature range. 
whose voltage gain can be ad- iable-gain stage. The Усс | | x 


justed by the gain-controlling translator also linearizes the 


INPUT BUFFER 
cc 


OUTPUT BUFFER š STAGE _ 
Voc 


VARIABLE GAIN 
STAGE 





A (+)RFour 


1 


JJ ORFour 
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Vec: 


Vec 





Vac 
TRANSLATOR 
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VOLTAGE 


= 

| 

: 

| 
REFERENCE | 
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————— 


Figure 10. HPVA-0180 Simplified Schematic 
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Package Dimensions 


Plastic SO-8 Package | 



























_ 1.35 (0.053) 1.75 (0.068) 













А . 
А1 0.10 (0.004) .. 0.25 (0.0098) 
B 0.35 (0.0138) _ 0.49 (0.0192) 
С 0.19 (0.007) 0.25 (0.0098) 
D 4.80 (0.189) 5.00 (0.197) 
E 3.80 (0.150) 4.00 (0.157) 
e 1.27 BSC (0.050) 
H 5.80 (0.228) 6.20 (0.244) 
h _ 0.25 (0.010) ` ‚0.50 (0.020) 
L 0.40 (0.016) 1.27 (0.050) 
» неке 


09 | 8° 


Meets ЈЕРЕС outline dimensions. 
Dimensions are in millimeters (inches) 
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IDA-07318 
O Ц MaglC"* Silicon Bipolar MMIC 
1.5 Gb/s Laser Diode Driver 





Features 180 mil Package 
e High Data Rates: 1.5 Gb/s NRZ 

e High Modulation Current: 50 mA | 

e High Prebias Current: 50 mA "e йы 

e Low VSWR 50 © Input, ECL Level Compatible 381 127 _ 

e Differential or Single-ended Inputs | ru 


e Separate Modulation and Prebias Controls 
e Single Power Supply: +5 V or -5.2 V 
e Hermetic Glass-metal Surface Mount Package 








Description | 

i | 0.180 SQ Max. 
The IDA-07318 is a wideband silicon bipolar Monolithic Microwave у E Г 4.57 SQ ” 0.006 
Integrated Circuit (MMIC), Laser Diode (LD) driver, housed in a .152 


0.070 
miniature glass-metal hermetic surface mount package. It is designed 1.78 "е 
to provide high speed current drive for laser diodes or light emitting (о NE Мее AC GROUND u^ 
diodes (LEDs). On-chip termination resistors and flexible prebias and 
modulation control inputs simplify your design. 





PIN DESCRIPTION Notes: 
| m | | AR | (unless otherwise specified) 
Typical applications include fiber optic data communications (e.g., 1 Vine 8 Vcc in 
і ЕР 2 Vin- 7 Output Current- 1. Dimensions аге i. 
FDDI, serial HIPPI) and telecommunications (e.g., SONET) systems 3 Mod, Input 6 Output Currents (оір) 2 Tolerances 
: | | | | in .xxx = £.005 
where high speed laser diodes are used with data rates up to 4 Vee 5 Prebiasinput — . mm ХХ = + 13 


1.5 Gb/s. In addition, instrumentation and communication circuits can Bottom of Package is Vee 
use the high speed current modulation feature of the IDA-07138. 


The IDA series of laser diode drivers is fabricated using HP's 10 GHz 


fr, 25 GHz fmax ISOSATTM-1 silicon bipolar process that uses nitride Functional Block Diagram 























self-alignment, submicrometer lithography, trench isolation, ion implan- Е ~ $ Vcc 
tation, gold metalization, and polyimide inter-metaldielectricand scratch Vin. ant f. ^ | 
protection to achieve excellent performance uniformity, and reliability. E жу A vd 
Vin- —¢ o Үү 
| 5 | 
I | 
Е ILD VS. Ipc and Imc Modulation — °> t ІШ. 
і : Typical urren E 
oon » Optical Laser-Diode Control Vmc | у < O+ Prebias 
ғ” lprebias Output Transfer = | 4, 15 *— Vae Current 
Power wo | °° ” паар тоа аа Ipc РС 
Curve Фф аскаде o Control 


= | ottom 


| авег diode 


Іргебіаѕ —>{= Imod 
0 3 6 9 1.2 poea T od 


Ipc and Imc, MA | 
Guaranteed Electrical Specifications,T, = 25°C, Уе = 0 V, Vee = -5.2 V, Z Load = 12 О (see Test Configuration) 


Parameters and Test Conditions | | 








Device Current Voc - Voc = 5 V, Imod = 0 MA, lpb = 0 mA каш 


Notes: 1. Recommended operating range for Modulation Current Set is 10 to 50 mA. 


Design Information,T, = 25°C, Ух = 0 V, Vee = -5.2 V, Z Load = 12 О (see Test Configuration) 


| Symbol | Parameters and Test Conditions 


Propagation Delay Time, Input to Output тоа = 25 mA 

Small Signal -3 dB Bandwidth Imod = 25 mA 

Vint, Vinz VSWR | f = 0.1 to 2 GHz 
Modulation or Prebias Current Output Rise Time (Inputs Pin 3 or 5) 


АЕ, 
| Б | | s 


P 
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IDA-07318 MagIC™ Silicon Bipolar MMIC 
1.5 Gb/s Laser Diode Driver 








Absolute Maximum Ratings Typical Use: AC Coupled, Single-ended 500 Input 
Cblock 
| > 500 Diode 
Device Voltage |] 10У 04-08 Vp Ж - — 
Power Dissipation: 3 2.5 W recommended x | 2 
Imod OF |р 150 mA rms didi mess 
Junction Temperature 200°С А | 
Storage Temperature | -65 to 200°С Modulation IL bypass | 
Current = .01 uF typ. C {A je 
Thermal Resistance2: : Ө = 50°C/W ome ° зураяв = Prebias 
J | | | 01 pF УР: =- Current 
Notes: ` | Vee =-52 V T | T Соуравз | Control 
1. Permanent damage may occur if any of these limits are exceeded. ы а; MEN 
2. Tease = 25°C 


3. Derate at 20 mW/°C for Tc > 75°C 


Typical Use: DC Coupled, Single-ended ECL Input 
Test Configuration шу љт |. | | 

xm Vi Veo = OV Laser 
Diode 


Pulse Vin+ 
Pattern 







Generator 
or ANA Vin- 





14:1 
Current 
Divider 





P Package 





© Тоғ Package Y 








Bottom Bottom | <- ы 
. | жа. мы 
Set for | 01 uF typ. = ` Я 
_ ок | Set for | ЦР typ C ы 
1 mod - 25 mA Vee = 52 V lob 50 Q | | | CORPO 
Е | š Cbypass 
Samplin | Vee =-5.2V — Lo e 
ТЫР т = 100 pF T Osci loscope = | is | = .01 uF typ. 
Eye Diagram, 1.5 Gb/s 
Typical Performance,TA = 25°C 5 5 
(unless otherwise noted) = е: 
5 5 
к -9 
500 p/div 200 p/div 
Rise Time vs. lLp Fall Time vs. lip | ldevice VS. . Power Supply 





and Temperature 


по, mA 





Temperature, C 


Input VSWR vs. Frequency 














Transadmittance, db 


-15 _ 2.0:1 
ШЕШЕГІ ATT ЕШ 
25 ЕЕЕ š ges ПЕЛИ an 
лш)! a V з š LLL UA VIII 
35 WII | Z ШШШ ЖГ 
А h. | 7 ТОГ T LLL TIM 
“(01 10 45 4 -35 -3 25 0-2 0 44 Ж 10 

ME = T | Vmod and Vpb, Volts |— po e | 
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| IDC-51418 
| HEWLETT I | 
(2 РАСКАРО | Е MagiC™ Silicon Bipolar MMIC 
к m . 1.5 Gb/s Decision Circuit — 


` `. 2 = 
ыы 
d . > 





Features mE | | _ 180 mil Package | 
e High Data Rates: 1.5 Gb/s NRZ | 
e Input Sensitivity « 20 mVpp Typical 


e ECL Voltage Swing Compatible C-Inputand `” ` = | 
e Single Ended or Differential C and D Inputs 222 2150 0.050 


e Single Power Supply: +5 V or -5.2V ` | iy Wie 
e Low Power: 450 mW Typical Dissipation | 
e Hermetic Glass-metal Surface Mount Package 






Description 








The IDC-51418 is a high speed silicon bipolar Monolithic ' 7 О [тво menn zi 

Microwave Integrated Circuit (MMIC) decision circuit, housed OO7OMa | L -152 

in a miniature glass-metal hermetic, surface mount package. 178 у. 

It is designed for data communications and LAN applications. uu А E 

Otheruses include wide bandwidth communications and digital E Er E 

circuits, such as comparators and D type flip-flops. The IDC- - fanless otherwise specified) 
51418 is a master-slave D type flip-flop with a high gain data ` Горен ае Iii. 
preamplifier for increased sensitivity. Both the data and clock 2. Tolerances тин 


| А п .XXX = +.005 
inputs can be driven differentially or single ended. The bias and | ! 


input matching circuits are included on-chip. 






Bottom of Package is Vee 


The IDC series of high speed decision circuits is fabricated | Functional Block Diagram 
using HP's 10 GHz, fr, 25 GHz fmax ISOSATTM-1 silicon ` 

bipolar process that uses nitride self-aligriment, 
submicrometer lithography, trench isolation, ion implantation, _ 


gold metallization, and polyimide inter-metal dielectric and BE e 
scratch protection to achieve. excellent performance | doas ' 
— | "є | — m | — | ж жо WES E 27 Сыюск 71 
Truth Table ` | - | 
p | oc 
ru apie C+0O— 1l 
Cn: Clock State at t = n | 070 С- Oc F 
| | DOOR 


Dn: Data State att=n · 
Qn: Output state att=n ` 
Qn +1: Output state at ZEN 7 ЕТ 





{= п +1 2 | ! ко ^. Package bottom is also Уз . . 


Electrical Specifications, TA = 25°C 





























| Symbol | К Parameters апа Test Conditions: Vec = 5 V, Vee = 0 У, В, = 50 Q Min. Typ. Max. 
t | Q Output Rise Time, 10% to 90% | | 1.5 Gb/s | [| 200 [| 
| _ [15058 jio | — 
Vin (0+0 | 1.5 Gb/s p| -[ 20 | 40° 
CPM | 1.5 Gb/s g| Tas | 7 
- * Clock Input Amplitude (single ended) тур| ` [600 | | 

| -Output Voltage к 2 |mVpp| 650 | воо | ` 

lock Edge to Q Output | | | ps |. |50). 

[ew ^ — | Setup Time (see Timing Diagram) oo — — de] [%[ 02 
[ia | _ Hold Time (see Timing Diagram) | [e| ` 
Clock and Data Input VSWR f = .01-1.5 GHz | [ial | 
Q, О Output VSWR f= .01-1.5 GHz — J| q2] 
| mA | 75 | 95 | 115. 


la = | Quiescent Device Current 


The recommended Power Supply Voltage range (V. — Vee) for this device is 4.5 to 5.5 V. 
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IDC-51418 Silicon Bipolar ММС 
1.5 Gb/s Decision Circuit 


Absolute Maximum Ratings Test Configuration 


Parameter | . Absolute Maximum! | 


Device Voltage А 


Single Ended Input/Single Ended Output 








Word Generator Error Detector Sampling . 
Oscilloscope 
9 Data 


Tri 
Out In) 








Power Dissipation2: 3 800 mW 
CorDinput ` | 2 Vpp 
Junction Temperature _ 200°C 
Storage Temperature | .. -65 to 200°C 


Clock Data 
Out Ош. 





. In 








Thermal Resistance?: Ө; = 55°C/W | Сас 
Notes: aM асан 
1. Permanent damage may occur if any of these limits are Го 
exceeded. - 
2. Оегае at 18 mW/?C for Tease > 156°C сг 
| |: Q С 
I| block 
Typical Performance,T, = 25°C, | 
(unless otherwise noted) | | 
= ы 
ЖӘЕ” Е A package 
Timing Diagram -L. bottom 


Cpypass = -22 pF typical BE = 


Data | Cpiock = -22 НҒ typical B | E 
= Ж M Notes:  Fortransparent (non-latched comparator) operation, АС 
setup thoid | . couple pins 1, 2 (C+, С-) to ground. 0 








Clock | 
| Good RF ground of Pin 3 and package bottom is critical 
— Pd -for proper operation and good VSWR performance of this 
Q p + part. I | | Ж | 
Quiescent Input/Output Voltages 
(Inputs terminated, offset voltages = 0 V) 
Data Input Sensitivity vs. | Input Clock Phase Margin vs. Мос — Vee D C Q 


50V 50V 38V 34V 
52у 00У -12V -16V 


Clock Frequency and Temperature 










Q зо | Note: Small offset voltages between D+ and D- will 
2 x pram BER at — немен rem bag to a high (Vcc -.2 V) or low 
10 АЕ | _ Output Voltages т the Latched (on/off) 
00 a 8 12 16 2 о A 8 12 16 2 State 2E 
Clock Frequency, Gb/s Clock Frequency, Gb/s М = Vee Q (Мон) Q (VoL) 
5.0 V 4.8 V 38V ` 
| -52V | -2V -1.2 V 
Output Voltage vs. . Output Eye Diagram at 1.5 Gb/s 


Bias Voltage and Temperature 


(Pseudorandom pattern = 223 -1) 


_ | [му у р | у jS 


Moi. "ШШШ osi du m om x. ` Lr P мые 


100 psec/div. 





200 mV/div. 





5 5 5.5 | 
Усс — Vee, Volts | Frequency, GHz 


10-89 





Сл PACKAR D 


ITA-06300 
MaglC"" Silicon Bipolar MMIC 
1.5 Gb/s Transimpedance Amplifier Chip 





Features 


e High Transimpedance Gain: Az = 2800 Q (69 dB) 


_ @ High Data Rates: 1.5 Gb/s NRZ 

e Wide Bandwidth: 1.5 GHz | 
. * Low Noise: 3.5 pA/VHz at 100 MHz 
e Single Power Supply: +5 V or -5.2 V 
e Low Power Consumption: 170 mW 


Description 


The ITA-06300 series of high- дінімді transimpedance 
amplifier chip. It is designed for use in fiber-optic receivers that 
require high transimpedance gain, wide bandwidth, reduced 
power зы and low noise. | | 


Typical applications iñdluda fiber-optic — such as high- 
speed data communications, point to point (Fiber Channel), 


networks (LAN, MAN), andtelecommunications ans with . 


data rates up to 1.8 Gb/s. 


The ITA series of transimpedance amplifiers is fabricated 
using HP's 10 GHz fr, 25 GHz fmax ISOSAT™-1 silicon bipolar 
process which uses nitride self-alignment, submicrometer 
lithography, trench isolation, ion implantation, gold metalization 
and polyimide inter-metal dielectric and scratch protection to 
achieve excellent performance, uniformity and reliability. The 
recommended assembly procedure is gold eutectic die attach 
at 400°С and either wedge or ball bonding using 0.7 mil. gold 
wire.1 
. — Transimpedance Gain vs. Frequency 
_ Ta = 25°С, Voc=5V 


НИ От E палио. a wen l > 


LETT TNT 
A A F 
A O E] 


01 30 
i GHz 


Electrical Specifications2,, Ta = 25°C 















. . Chip Outline 


SS Hl 
5% "T 54 405% (8) _ 5 | 


HH 


ON 
8 ; 
DD 








1 989 
(1). 


плов [е] Се) Г Comp 


. 750 + 13um 
29.55 t 0.5 mil 


Chip Thickness is 140 um /.5.5 mil. 
Bond Pads are 50y m / 1.97 mil. 








Typical Biasing Configuration? 





| Symbol | Parameters and Test Conditions4: Мес = 5 V, Vee = 0 V, ZL = 50 Q Units | Min. | Typ. Max. 
| Az | Transimpedance Gain f = 100 MHz = [ohms] [2800 | |. 
Small Signal -3 dB Bandwidth’. 6 EE | GHz|  ]15] o | 
| Az | Frequency Response Gain Реак5:6 (| | J dà | 0.0 f 1.0 |. 
Input Current Noise Spectral Density5 ` f = 100 MHz _ РАМН2| |135| |. 
Output V, Swing (peak to peak) f=50MHz [№ | [095 | |. 
“Output VSWA — еюм; | | [221] _ 
"M "Maximum Inpüt Current Before input Overload? f=50MHz2z . 2. ВА | | 450 | 
la | Device Quiescent Current Ae | 
Input Quiescent Voltage [wd] |15) | 

Vour v | 25 | — 
Notes: 1. See Application Note, "АМ-005: Transistor Chip Use" for additional information. 5. Assumes photodiode capacitance, Cpp, «0.3 pF. 


2. The recommended operating voltage range for this device is 4.5 to 5.5 V. 
3. Tested in HP 180 mil package. 


4. RF performance of chip is determined by packaging and testing 10 devices per wafer. 
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6. Referenced from 100 MHz. 
7. Output duty cycle distortion < +10%. 
8. See Data Sheet, "ITA-06318, МадіСТМ Silicon Bipolar MMIC” 


Absolute Maximum Ratings 


: . Absolute Maximum! | | 










. Parameter 








Device Voltage 
Power Dissipation?: 3 
Vin-Vee | 
Junction Temperature 
Storage Temperature 







-65 to 200°C 


Thermal Resistance: Ө. = 25°C/W | 


Notes: 
1. Permanent damage may occur if any of these limits are 
exceeded. 


2. T mounting surface (Tms) = 25°С. 
3. Оегае at 40 mW/C for Tms > 182°C. 


Equivalent Input Current Noise 
_ vs. Frequency and Усс 


i "m 
ИИ W 


0.5 0.1 0.5 1.0 2.0 
Frequency, GHz 2. 






In, pA/VHz 


Output VSWR vs. Frequency 












E 
o 





. Output VSWR 


_ Frequency, GHz 
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ITA-06300, Silicon Bipolar MMIC 
1.5 Gb/s Transimpedance Amplifier Chip 


— — jam 25°С, 


" (Unless alise noted] 


_ DC Input/Output Characteristics 
No Load | 


Vout: V 





Calculated Sensitivity vs. Frequency 
| and орис Wavelength 


1E-9 Bit Error Rate, 
1 AN Photodiode | 
Quantum Efficiency 


0.5 





Data Rate, Gb/s 


Eye Diagram 1.0 Gb/s 





200 pS 


_ 10 mV 





С скаро 


= [ONES : 


ІТА-06318 
MaglC"" Silicon Bipolar MMIC 
_ 1.5 Gb/s Transimpedance Amplifier 





Features 


e High Transimpedance Gain: Az = 2800 Q (69 dB) 
e High Data Rates: 1.5 Gb/s NRZ 

e Wide Bandwidth: 1.3 GHz. 

e Low Noise: 3.5 pA/VHz at 100 MHz 

e Single Power Supply: +5 V or -5.2 V 

e Low Power Consumption: 170 mW 

e Hermetic Glass Metal Surface Mount Package 


Description 


The ITA-06318 is a high-performance transimpedance ampli- 
fier housed in a minature glass-metal hermetic surface- mount 
package. № is designed for use in fiber-optic receivers that 
require high transimpedance gain, wide bandwidth, reduced 
power consumption, and low noise. 


Typical applications include fiber-optic systems such as high- 
speed data communications, point to point (Fiber Channel), 
networks (LAN, MAN), and telecommunications (SONET) with 
data rates upto 1.8 Gb/s. 0 221 


The ITA series of transimpedance amplifiers is fabricated 
using HP's 10 GHz fr, 25 GHz fmax ISOSAT""-1 silicon bipolar 
process which uses nitride self-alignment, submicrometer 
lithography, trench isolation, ionimplantation, gold metalization 
and polyimide inter-metal dielectric and scratch protection to 
achieve excellent performance, uniformity and reliability. 


Typical Transimpedance Gain vs. Frequency 
ТА = 25°С, Усс 2 5 М 


HHIH TTT 
ОН. 


80 







ce “aa 


| Frequency, GHz | 
Electrical Specifications’, TA = 25°С ые 





Transimpedance Gain 

Small Signal -3 dB Bandwidth? 4 

Frequency Response Gain Peak?. 4 

Input Current Noise Spectral Density? 

Output Vo Swing (peak to peak) 

Output VSWR 

Maximum Input Current Before Input Overloads 
Device Quiescent Current 


N 


Рзав 


< 


00-0 


VSWH 
IMAX 


Vin Input Quiescent Voltage AEN 
VouT Output Quiescent Voltage Мас | || 


3. Output duty cycle distortion < +10%. 
4. Referenced from 100 MHz. 


= 
š 
o 


1. The recommended operating voltage range for this device is 4.5 to 5.5 V. 
2. Assumes photodiode capacitance, Cpp,«0.3 pF. 


: Parameters and Test Conditions: Vçç = 5 V, Vee 20 У, 2, = 50 Q 


























180 mil Package 








| a “0.180 За, о | 
Max. 
n p 4.57 SQ I idis 


0.070 мах. 152 
1.78 
А Vee AC GROUND + 







Notes: 
(unless otherwise specified) 
. in 
1. Dimensions are — 
2. Tolerances mm 
in ххх 22.005 ` 
mm.Xxxzz.13 ` 







2 Vee, AC Ground 7 Vee 
3 Уве, АС Ground | 6 Vee 
4 NC . 5 Vout 


Bottom of Package is Vee (AC Ground | 





Typical Biasing Configuration? 





Package Bottom À 
pins 2,3,7 ~ Vee 





Min. | тур. | max. 

-100М: | ohms | 2200 [2800 | — 
[ee [os Газ | — 

Les [oo | rr | 29 

ом рачна 35] _ 
1—50 MHz Veo os | — 
ме | | rr] — 
(=50 MHz DASS | Гао | — 
Lm faf 

15 [— 

zs | — 


ITA-06318, Silicon Bipolar MMIC 
1.5 Gb/s Transimpedance Amplifier 


Absolute Maximum Ratings d dines — ре " = 25°С, 


' ' (Unless оне кешір 











. Parameter Absolute Maximum! 


8 V 













Device Voltage 












Power Dissipation. 3 700 mW 
Vin-Vee | 2.0 V DC Input/Output Characteristics 
Junction Temperature. _ 200°C No Load 2 
Storage Temperature -65 to 200?C 
> 
Notes: E 
1. Permanent damage may occur if any of these limits are о 
exceeded. 
2. Tease = 25°C. 


3. Derate at 20 mW/°C for Tease » 165*C. 




















lin; НА 
Equivalent Input Current Noise - E Calculated Sensitivity vs. Frequency 
E | vs. Frequency and Усс p and Optical Wavelength 
атса == 
- ‘6 С кеме 
RH E 
c Өө | | LIZEFIH-—- 
= D |” С 1 ЧЕ Bit Error Rate, |. 
2 Фф 71 АЛМ Photodiod 
| АНИ » _ МЕ si 
.01 0.1 2205 1.0 2.0 .01 0.5 0.1 05 31020 
p GHz Data Rate, Gb/s 
Output VSWR vs. Frequency B I E Eye Diagram 1.0 Gb/s 


VSWR 















001 05 01 05 120 2.0 | | пеге 
Frequency, GHz u 10 ту — | | _ 200pS. 
ITA-06318 Scattering Parameters: VCC - Vee z 5V О а 
Freq. ЭМ 5201 0 _ S2 92 . 
GHz Мад Ë Ang - Ma ` An Ma _ Ang `. 

00 | .10 -24 62.0 -6 .002 -104 ` 38 168 
0.10 .07 -21 — 63.3 -14 . 003 -86 25352 . 166 
0.20 04 39 64.3 -J0 003 -75 - 33 . .. 165 
0.30 08 90 66.1 -45 003 -63 33 161 
0.40 17 92 67.4 -67 003 -57 33 155 
0.50 28 84 67.0 -86 003 -44 32 147 
0.60 38 74 64.1 -107 002 -30 32 139 
0.70 48 61 98.6 -128 002 -14 29 129 
0.80 55 50 51.8 -147 002 0 28 122 
0.90 60 39 44.7 -165 002 16 26 110 
1.00 64 31 38.3 179 002 27 25 103 
1.25 69 16 25.6 146 003 61 21 86 
1.50 71 6 17.9 118 004 93 21 73 
1.75 71 -2 12.9 94 .006 141 21 66 
2.00 71 -9 9.8 70 .007 164 20 63 
2.50 69 -25 6.3 28 015 178 14 69 


ú ITA-12300, ITA-12318 
LA PACKARD = . MaglC"" Silicon Bipolar MMIC 


0.8 Gb/s Transimpedance Amplifier 














Features 180 mil Package 
dis — 8 
e High Transimpedance Gain: A; = 4200 Q (72.5 dB) Tl — | | Y—— 
e High Data Rates: 0.8 Gb/s NRZ- | dade L 
e Wide Band width: 900 MHz (Chip) 3.81 127 _ е 
| 750 MHz (Packaged) | | А == T 381 
e Low Noise: 2.8 pA/VHz at 100 MHz | | ( E 
e Single Power Supply: +5 V or -5.2 V |< _ 9405 Max. — > 
e Low Power Consumption: 210 mW m 
e Available in Chip Form and Hermetic Glass- — 5.59 Мах. 
Metal Surface Mount Package | ў 0.180 За мах. | 
I . Г 4.57 SQ ” none 
Description о” | _ T 
1.78 
The ITA-123 series of high-performance transimpedance am- ДА лт CMM UNE ape E 
plifiers is available in ral chip form, ITA-1 2300 or housed in | | TN Ел 
a miniature glass-metal hermetic surface-mount package, | | 
ITA-12318. These devices are designed for use in fiber-optic reel otherwise specified) 





1 Input — 8 Усс 
2 Vee, AC Ground | 7 Vee 
3 Veg, AC Ground | 6 Vo ` 
4 NC | 5 Vout 






receivers that require high transimpedance gain, wide band- 
width, reduced power consumption, and low noise. 


in 
. 1. Dimensions are — 
2. Tolerances mm 
in .xxx = +.005 
mm .XX = +.13 









Typical applications include fiber-optic systems such as high- | 
speed data communications, point to point (Fiber Channel), | FEN 2. 
networks (LAN, МАМ), andtelecommunications (SONET) with | ITA-12300 Chip Outline 


data rates up to 0.8 Gb/s. 

The ITA series of transimpedance amplifiers is fabricated Е 
using HP's 10 GHz fr, 25 GHz fmax ISOSAT™-1 silicon bipolar Е 
process which uses nitride self-alignment, submicrometer "is 
lithography, trench isolation, ion implantation, gold metalization | 2 


and polyimide inter-metal dielectric and scratch protection to 
achieve excellent performance, uniformity and reliability. The 
recommended assembly procedure for the ITA-12300 chip is 
gold eutectic die attach at 400°С and either wedge or ball 
bonding using 0.7 mil. gold wire.! | dO 


| 1989 m [| 
=> (6) (7) _ 
пала [va] 
| 750 + 13um : | 
| 29.55 t 0.5 mil . 
Chip Thickness is 140 шт / 5.5 mil. (nominal) 
Bond Pads аге 50 рт / 1.97 mil. (nominal) 


ITA-12318 180 mil. | ITA-123003 00 (Chip) 
| Min. | Typ. 





Electrical Specifications?, TA - 25°С 





LAz | TransmpedanceGain — — f=100MHz [ohms 
Foss | Small Signal-3.dBBandwidtht.5 | МНЕ | 60 - 
[AAz | FrequncyResponeGanPeaks | BO 
Li | Input Current Noise Spectral Densityt —  f-100MHz [рн] _ 
Vopp | Output Voltage Swing (peak to peak) — —  t-50MHz — | Vg | _ 
_VSWR | OutputvswR — — — — —— f-s0to100MHz | | — — 
| ЕСЕ 
ннн 
и 


Mx | Maximum Input Current Before Input Overload® f = 50 MHz 





Device Quiescent Current 
Input Quiescent Voltage (Pin 1) 
Output Quiescent Voltage (Pin 5) | Vdc 





1. See Application Note, "АМ-А005: Transistor Chip Use" for additional information. 

2. The recommended operating voltage range for this device is 4.75 to 5.5 V. 

З. RF performance of chip is determined by testing 10 devices per wafer in а. 180 mil package. 
4. Assumes photodiode capacitance, Cpp,<0.5 pF. | 

5. Referenced from 100 MHz. 

6. Input overload is defined as output duty cycle distortion > 1096. 
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Absolute Maximum Ratings 


Device Voltage | 8M . 



























Power НИЕ 3 : 700 mW 
Vin" Vee _ 3.0 V 
Junction Temperature 200°С 
Storage Temperature -65 to 200°С 


Thermal Resistance: Өс = 50°C/W (ITA-12318) | 
Өс = 25°C/W (ITA-12300) 
Notes: 
1. Permanent damage may occur if any of-these limits are 
exceeded. 
2. Tease = = 25° C (ITA-1231 8), T mounting surface = 25°C (ITA-12300) 
3. Derate at 20 mW/°C for Tease > 165°C (ITA-12318) 
Derate at 40 mW/°C for Tmounting surface > 182°C (ITA-12300) 


Typical Performance, T4 = 25°C, 
Vec = 5V, Vee = OV, ZL = 50 О, Cpp « 0.5 pF 


(Unless otherwise noted) 


Є ITA-12300/ITA-1231 8 
DC Input/Output Characteristics 
|. NoLoad ` 





ITA-12318 | 
Typical Transimpedance Gain vs. WT 





Frequency, GHz 


70 — 
22%. | 
< | 


ITA-12300, ITA-12318 Silicon Bipolar MMIC 
| 0.8 Gb/s. е ai ell 


ITA-1 2318 
Typical Biasing Configuration 
and Functional Block Diagram 








To 
minimum 
Photodiode distance 


package bottom 
pins 2, 3, 6, 7 J 
via 50 Q 
| (low inductance 
Vee = OV = critical for proper operation) 


ITA-12300 Circuit Layout 






Trace small and short E 
to minimize area С 


Preferred PINs allow direct 
bonding to a topside 
metalization, elimination 
any C associated with traces 


. Multiple vias close to the 
die to minimize L 


| Thin substrates to minimize L 
(15 mil Al,0, preferred) 


ITA-12300 
T ypical Transimpedance Gain vs. [| 


ТТЕ 










0.01 2.0 
FM GHz 
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ITA-1 2300, ITA-12318 Silicon Bipolar MMIC 
0.8 Gb/s Transimpedance Amplifier 





N 
сл 











N 
= 
--. 






Output VSWR 


==, 
сл 
En 


ITA-12318 
Output VSWR vs. Frequency 
:1 
“ТДД 
LUTTE LN 
o. 01 | 1.0 2.0 
| көмек GHz 





ITA-12300/ITA-12318 
Equivalent Input Current Noise 


| A vs. Frequency 











ITA-12300 
Output VSWR vs. Frequency 





Frequency, GHz. 


ITA-12300/ITA-12318 
Calculated Sensitivity vs. Data Rate 
and Optical Wavelength 


1 E-9 Bit Error Rate ° 
1 A/W Photodiode і 
Quantum Efficlency 










E .30 2511.30 um 
: ІНІШІСНІШ- Е КЕН pu^ e 
3 6 I Š -35 
8. 2 
s | LIH LA] = 
T D Hu - a 
ЕР : 
0.01 | | 2.0 0.01 | . '0.1 SM 1.0 2.0 
| | | ME GHz Data Rate, Gb/s | 
ITA-12318 


Eye Diagram, 622 Mb/s 
Photo current = 100 uA Р-Р, PRBS = 231 - 


Уош» 100 mV/div | 


18.1240 ns 


19.1240 ns 





_ 20.1240 ns 


Time, 300 ps/div 


ITA-12300, ITA-12318 Silicon Bipolar MMIC 
0.8 Gb/s Transimpedance Amplifier 














Typical ITA-12318 Scattering Parameters: Zo = 50 2 ТА = 25°C, Vcc = 5 V 
511 321 $12 S22 
MHz Mag Ang . dB. Mag Ang dB Mag Ang Mag Ang к. 








50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 


1000 


1050 
1100 
1150 
1200 


Freq. ` 


MHz 





50 
100 
150 
200 
250 
300 
350 


400 . 
450 


500 
550 


600. 
650-- 
700 


750 
800 


Be 
900 ` 
950 


1000 


1050 — 


1100 


1150. — 
1200 


' Mag | 





-1.0 
1.0 
2.0 
20 

1.0 
0.0 

-2.0 
-3.0 
-4.0 
-5.0 

-7.0 
-8.0 


-10.0 


-11.0 
42,0 .. 
-13.0 


-14.0 


415.0 © 


-15.0 
-16.0 


-16.0 


-17.0 


-18.0 | 





-1.0 


-2.0 


-3.0 


-40 


-5.0 


-6.0 


-9.0 


Ang 


31.70 


31.50 
3120. . 
30.70. 
30.40. 


30.00 


2960 
. 29.30 


29.00 


28.80 
- 28.60 


28.40 


с 28.20 
2790 - 
2770 


27.50 
27.20 
26.90 
26.40 


26.10 ` 


25.60 
25.10 


24.60 


24.10 








24.80 


38.57 


97.60 
36.14: 


34.32 
32.91 
31.58 
30.29 
29.21 
28.25 
27.52 
26.85 
26.26 
25.52 
24.91 
24.17 
23.57 
22.78 
22.05 


_ 20.86 


20.15 
19.07 
18.04 
17.06 
16.05 








-10.0 
-22.0 
-32.0 
-41.0 


. -50.0 


-59.0 
-66.0 
-74.0 
-81.0 
-89.0 
-96.0 

-104.0 

-112.0 

-120.0 

-128.0 

-136.0 

-144.0 

-153.0 


-161.0 
. -169.0 
| -177.0 


175.0 
168.0 
160.0 


S21 
dB ;.. Mag Ang 
|. 8240 ^ 41.51 -9.0 
_ 32.20 40.62 -19.0 
31.90 39.43 -28.0 
_ 31.60 38.21 -37.0 
- 31.30 · 36.65 -45.0 
` 31.00 35.31 -52.0 
31.00 34.26 -60.0 
30.40 - 33.17 -67.0 
30.20 3216 -740 
29.90 31.31 -81.0 
29.70. 30.57 -88.0 
29.50 29.77 -95.0 ^ 
29.20 28.93 -103.0 - 
.29.00 28.20 -110.0: 
28.70 _ 27.36 -117.0 
28.40 26.30 | -125.0 
28.10 2526 -133.0 
27.70 ` 24.21 -140.0 
27.30 23.20 | -147.0. 
26.80 21.81 -155.0 
26.40 20.85 -161.0 
25.90 19.64 -169.0 
25.30 18.45 -175.0 
_ 17.30 


178.0 


Typical ITA-12300 Scattering Parameters: Zo = 50 О 


-59.0. ` 


1450 | 





-49.50 003 -131.0 
-49.60 003 18.0: 
-55.00 ,002 
-64.00 001 148.0 
-55.50 002. -32.0 
-56.80 ‚002 -83.0 
-55.80 ‚002 -26.0 
-57.10 001 74.0 
-54:80 .002 -135.0 
-66.60 0.000 
-57.50 .001 _ 20.0 
-52.40 ‚002 114.0 
-61.30 .001 -56.0 
-53.40 .002 -169.0 
-62.70 7001 -117.0 
-54.90 ` .002 ` 155.0 
-47.40 004 177.0 
-64.50 . 001 -168.0 
-49.60 — 003 131.0 _ 
-61.40 001 -1670 
-55.40 ‚002 -176.0 
-50.10 003 144.0 
-44.80 ` ,006 157.0 
-47.20 “1004 163.0 
S12 
dB Mg Апа 


-48.00 
-69.80 
-52.20 
-57.60 
-62.20 
-54.60 
-53.20 


-67.00 


-60.90 
-53.70 
-58.70 


-48.10 
-49.70 
_ -55.00 
-46.40 
-47.30 


-52.20 


-45.60 
.. 45.50 
-43.20 
2 -45.20 
-45.60 


-44.50 


10-97 


7 -58.90 ` 


004 - 


0.000 
002 
001 
001 
002 
002 

0.000 


001 


002 
001 
001 


004. 


.003 
.002 
.005 
.004 
.002 
.005 
.005 
.007 
.006 
.005 


1006 


4.0 


-159.0 


-97.0 
86.0 
29.0 
48.0 
43.0 


950 
_ -960 


164.0 


-175.0 


-7.0 


-139.0 

159.0 

410 
136.0 


164.0 
179.0 
161.0 


-178.0 
_ 125.0 


157.0 


166.0 


153.0 


35 
134 
35 
35 
35 
35 
35 
.34 
.33 
.32 
31. 
2 . 
27 
25 
23 
20 
18 
15. 
13 
11 
ло 
10 
40 
11 





171.0 | 


169.0 
166.0 
162.0 
157.0 
151.0 


‚145.0 


138.0 
132.0. 


| 125.0 


101.0 
920 . 


117.0 


110.0 


82.0 
‚72.0 
59.0 


_ 47.0 


31.0 
12.0 


-6.0 


-32.0. 


_ -52.0 


-65.0 


.36 164.0 2.23 
.33 160.0 2.65 
.33 157.0 _ 4.68 
.34 151.0. 12.92 

34 - 144.0. 5.15 
135 137.0 5.37 
35 129.0 5.55 
35 122.0 6:47 
135 115.0 4.84 . 
35. 106.0 9.06 
35 98.0 7.30 
.33 90.0 4.03 
.33 83.0 11.82 
31 72.0 4.73 
29 ` 63.0 15.10 
2.27 52.0 6.21 
25 40.0 2.69 
23 28.0 20.61 
21 15.0 3.96 

218 4.0 16.16 ` 

^47 -12.0 8.57 ` 
.15 -24.0 4.96 
14 -41.0 2.82 
42 - -58.0 401. 

ТА = 25°С, Мес = 5 V 
| $22 S 
_ Mag Ang k 





DU HEWLETT | IVA-05118 
"B PACKARD mE Silicon Bipolar MMIC 
EN MN 1.5 GHz Variable Gain Amplifier 


ә ————-:-#-------:-:--—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—- 
Features mE s 180 mil Package ` ` 
90 MHz to 1.5 GHz Bandwidth 
Data Rates up to 2.0 Gbit/s 
High Gain: 26 dB typical 
Wide Gain Control Range: 30 dB typical 
Differential Output Capability 
Bias Vcc-Vee 2 5 V 
° 5V TTL Compatible Vgc Control Voltage, loc < 3 тА 
e Hermetic Glass-Metal Surface Mount Package 





| 0.180 SQ мах | 
intinn 4.57 SQ 
Description К: w " 0.006 
The IVA-051 18 is a variable gain amplifier housed in a miniature 17g ах. ; 
glass-metal hermetic surface mount package. It is designed for 4d — pe - =r. 
narrow or wide bandwidth commercial, industrial and military ap- Vee AC GROUND P 


plications that require high gain and wide gain control range. The 
amplifier can be used in a single-ended or differential output con- 
figuration. For low frequency applications («50 MHz) a bypass 
capacitor and series resistor are connectedto pin 4, the AC Input 
Ground lead. | 


PIN DESCRIPTION - 


Notes: 

(unless otherwise specified) 

1. Dimensions are í" _. 

2. Tolerances mm 
in .xxx = +.005 | 
mm .хх = +.13 








Typical applications include variable gain amplification for fiber- 
optic systems at data rates in excess of the 1.24 Gb/s SONET 
standard, mobile radio and satellite receivers, millimeter wave 
receiver IF amplifiers and communications receivers. TYPICAL VARIABLE GAIN vs. FREQUENCY 


The IVA series of variable gain amplifiers is fabricated using __ | ТА = 25°С, Усс 25V, Vee =0V 
HP's 10 GHz К, 25 GHz fmax ISOSAT™-I silicon bipolar process. 
This process uses nitride self-alignment, submicrometer lithog- 
raphy, trench isolation, ion implantation, gold metallization and 
polyimide inter-metal dielectric and scratch protection to achieve 
excellent performance, uniformity and reliability. 





Gp, dB 


. Electrical Specifications!, TA = 25°C 








. Parameters and Test Conditions? Усс = 5 V, Vee = 0 V, Vgc = 0 V, Zo = 50 Q 
Power Gain [S21]? f 2 0.5 GHz 
Gain Flatness f = 0.05 to 1.0 GHz 


3 dB Bandwidth? m 
CR Gain Control Range 4 | f=0.5 GHz, Vgc2 0t05 V. ` 


- Reverse Isolation (|61212) f = 0.5 GHz, Vgc = 0 to 5 V 


Input VSWR Е f = 0.05 to 1.5 GHz, Vgc = 0 to 5 V 


ven Output VSWR = 0.05 to 1.5 GHz, Vgc - 0 to 5V 


f 
NF 90 Q Noise Figure | | f = 0.5 GHz | 


P1 dB . Output Power @ 1 dB Compression f 20.5 GHz 


... Output Third Order Intercept Point |». f=0.5 GHz 


». Group Delay f = 0.5 GHz 


. Supply Current | | | 


1. The recommended operating voltage range for this device is 4 to 6 V. Typical performance as a function of voltage is on the following page. 

2. As measured using Input Pin 1 and Output Pin 6; with Output Pin 7 terminated into 50 ohms. 

3. Referenced from 50 MHz Gain. 

4. The recommended gain control range for these devices for dynamic control is 0 to 4.2 V. Operation at gain control settings above 4.2 V may 
result in gain increase rather than gain decrease. 


G) 






=s 






> 
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о 
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Absolute Maximum Ratings 


Absolute 





IVA-05118 Silicon Bipolar MMIC 
1.5 GHz Variable бап Amplifier 


Typical Biasing Configuration 
and Functional Block Diagram 


















Device Voltage 8V 
Power Dissipation 600 mW 
Input Power +14 dBm 
Vgc-Vee 7 М 
Junction Temperature | 200°C 
Storage Temperature —65°С to 200°C 






















Thermal Resistance24: Өс = 50°C/W | 


Notes: 


1. Permanent damage may occur if any of these limits are exceeded. 


2. TCASE = 25°С 
3. Derate at 20 mW/°C for Tc »1 70°C. 
4 


See MEASUREMENTS section “Thermal Resistance” for more 
information. | 


Typical Performance, Ta = 25°C, 
Vec = 5 V, Ve = O V 


(unless otherwise noted) ` 


POWER GAIN and Ру gp at 0.5 GHz 
and 1сс vs. BIAS VOLTAGE with Мас = 0 V 


_ Gp. dB 





POWER GAIN and Р; dB at 0.5 GHz .- 


с 
РИ ЕНИ 
о— 9 2 Мас 
2 | | 7 Inverting 
| | oH D o Output 
| 2 | C block 


Vee 70V 3! - ^5 с. С ИШ 
1 | | С Бо output 
при Ground e 4 | m 


5 "T 
(Optional) ы Усс =5 V 


_ | | l | 
Cbypass] Cbypass | j 
В = 1-10 О 
typical == | | 
' Vee =0V 


POWER GAIN and P4 ав at 0.5 GHz 
and Icc vs. CASE TEMPERATURE with Vgc = 0 V 


Gp, dB 
№ 
o 
lec, MA 





425 ^ >85 


' Temperature, °C 


Ру ав уз. FREQUENCY . NOISE FIGURE vs. FREQUENCY | 


and lc vs. GAIN CONTROL VOLTAGE | 


Gp, dB 





INPUT and OUTPUT VSWR vs. FREQUENCY 


0.5. 


1.0 
Frequency, GHz 


— 1 





2.0 


0.2 0.5 1.0 


Frequency, GHz 


GROUP DELAY vs. FREQUENCY 





0.5 10 20 
Frequency, GHz. 
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0.2 05 1.0 


Frequency, GHz 


2.0 


IH | | IVA-05200 
HEWLETT 
PACKARD = . . MaglC" Silicon Bipolar ММС. 


1.5 GHz Variable Gain Amplifier Chip 





С 


Features i IVA-05200 Chip Outline 


e Differential Input and Output Capability 

e DC to 1.5 GHz Bandwidth; 2.0 Gb/s Data Rates 
e High Gain: 30 dB typical | | (о 

e Wide Gain Control Range: 30 dB typical 

e 5 V Bias | 

e 5 V У.с Control Voltage, с < 3 mA 

e Fast Gain Control Response: «10 nsec typical 













8 =e [ ] vaos = | 


I — — Дш — — — 


. . 
. 





Typical Biasing Configuration - . 


Description and Functional Block Diagram: 
The IVA-05200 is a variable gain amplifier chip. This device Differential Input / Differential Output 
can be used in any combination of single-ended or differential C block J 


inputs or outputs (see Functional Block Diagram). The lowest 
frequency of operation is limited only by values of user se- 
lected blocking capacitors. I қ 


Typical applications iriclude variable gain amplifiers for fiber- 
optic systems (e.g. SONET). with data rates up to 2.0 Gb/s, 
mobile radio and satellite receivers, millimeter wave receiver 
IF amplifiers and communications receivers. 





The IVA series of variable gain amplifiers is fabricated using 
HP's 10 GHz fr, 25 GHz fmax ISOSAT™-1 silicon bipolar 






C | 
process which uses nitride self-alignment, submicrometer анамын = 15 ve Š no 
lithography, trench isolation, ion implantation, gold metalization 
and polyimide inter-metal dielectric and scratch protection to Veo = КІ сірі 
achieve excellent performance, uniformity and reliability. ! I—4 |I—O output 
The recommended assembly procedure is gold eutectic die | ed 
attach at 400°C and either wedge or ball bonding using 0.7 mil. | Е" „і "ecu? 
gold wire.! — 1 7 ae 2 Г 777 обрив 


| ` *Optional: For Single-Ended Output operation, Pad 7 may Бе left unterminated 2 - 
* 1 mE E (по Ceo Or 5010). 2° 0 ese om o9 а 
Electrical Specifications2.3, Тл = 25°C | 


ü 


Parameters and Test Conditions45: - 





Мес = 5 У, Veo S0 V, Ук =0У,20=500 — uni 
| B f = 0.5 GHz ME | dB | 

Gain Flatness __f=0.05to10GHz — | dB. | 
f зав З dB Bandwidthé ` GHz | 10 | 
GCR Gain Control Range? | f = 0.5 GHz, Vgc = 0 to 5 V | dB | 25 | 


Reverse Isolation (IS, 2l2) | f = 0.5 GHz, Vgc = 0 to 5 V 
Input VSWR | f = 0.05 to 1.5 GHz, Vgc =0to 5 V | 


V 
Output VSWR | f = 0.05 to 1.5 GHz, Vgc 2 0105 У ` 
50 Q Noise Figure — — — M 
Output Power @ 1 dB Compression 
Peak-to-Peak Single-Ended Output Voltage 
Output Third Order Intercept Point 
Group Delay Е 





Power Gain 15-412 


O 


VSWR 




















Р ав 
Vour 

















eh 
E: у 
=, 

Š 

% 





бирріу Сштепі | mA | 
Notes: 1. See Application Note, “АМ-А005 Transistor Chip Use" for additional 9. RF performance of chip is determined by packaging and testing 10 devices 
information. per wafer. ME 
2. The recommended operating voltage range for this device is 4 to 6 V. 6. Referenced from 50 MHz gain. 
Typical performance as a function of voltage is on the following page. 7. The recommended gain control range for these devices for dynamic control 
3. Tested in 180 mil package. is 0 to 4.2 V. Operation at gain control settings above 4.2 V may result in 
4. As measured using Input Pin 1 and Output Pin 6; with Output Pin 7 gain increase rather than gain decrease. 


terminated into 50 Q and Input Pin 4 at AC ground. 
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IVA-05200 Silicon Bipolar MMIC 
1.5 GHz Variable Gain Amplifier Chip - 


Absolute Maximum Ratings | Typical Performance, T4 = 25°С, 


Vec = 5 М, Vee = 0 V 


| (Unless otherwise noted) 
Device Voltage (Vcc-Vee) 8 V 














































Power Dissipation2, 3 600 mW Typical Variable hue vs. Frequency 

Input Power +14 dBm Tas 25 С, Усс. = ү ‚Уее=0\ _ | 

Мас” Vee 7У ee | 

Junction Temperature 200°С " ЕЕ 

Storage Temperature -65 to 200°C 0 рафа 

| š ССО 
: ° i. oni ° | —10 — зн 

Thermal Resistance?: Өс = 25°C/W | | pe =e 
Notes: — Lax LL 1 1 
1. Permanent damage may occur if any of these limits are exceeded. 10кНн2: 0.2 05 10 40 
2. Tmounting surface (Tms) = 25°C | RF Frequency, GHz 


3. Derate at 40 mW/°C for Tms > 182°C. 


Power Gain and P4qg at 0.5 GHz 
ia lcc vs. Bias Voltage with Уве = =0 P 



















34 
32 
со 30 
= 
6 28 
26 
24 
Power Gain and Pigs at 0.5 GHz ` 
and lyc vs. Gain Control Voltage s "t dB VS. — Noise Figure vs. Frequency 
40 ' ' 25 r 
20 m ET Gp 2 10 dB 
“ТШ ы ГЕ | Í 
ЖЕНИХ 
HII s= ЕЗ | 
10 | i-o 
FEM E 
0.2 05 1.0 Е 00101 0.2 05 10 20 40 MM 
Frequency, GHz | Frequency, GHz 
Input and Output VSWR vs. Frequency | Power Gain and P; ав at 0.5 GHz 
| Mge = 0-5 V Group Delay vs. Frequency and lec vs. Case Temperature with Vgc = 0 V 
2 = 500 34 Е | 
Ш 
р=-5 dB Gp = 25 dB 32 
steel || 8 
ў а. 
ЖД ||, 
TIU 
01 02 05 10 20 40 01 02 05 10 20 40 7 | 
Frequency, GHz Frequency, GHz Temperature, °C 
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IVA-05208 


. .MagiC™ Silicon Bipolar MMIC | 


1.5 GHz Variable Gain Amplifier | 





Features 

® Differential Input and Output Capability 

e DC - 1.5 GHz Bandwidth; 2.0 Gb/s Data Rates 

e High Gain: 30 dB typical 7 mE 

e Wide Gain Control Range: 30 dB Typical 

e 5 V Bias 2 . O O 

e 5 V Vgc Control Voltage, Із: < 3 mA 

e Fast Gain Control Response: « 10 nsec Typical 
е Low Cost Plastic Surface Mount Package 


Description 

The МА-05208 is a variable gain amplifier housed in a minia- 
ture low cost plastic surface mount package. This device can 
be used in any combination of single-ended or differential 
inputs or outputs (see Functional Block Diagram). The lowest 
frequency of operation is limited only by the values of user 
selected blocking and bypass capacitors. 


Typical applications include variable gain amplification for 
fiber optic systems (e.g., SONET) with data rates up to 2.0 
Gb/s, mobile radio and satellite receivers, millimeter wave 
receiver IF amplifiers and communication receivers. 


The IVA series of variable gain amplifiers is fabricated using 
HP's 10 GHz іт, 25 GHz fmax |SOSATTM| silicon bipolar 
process. This process uses nitride self-alignment, 
submicrometer lithography, trench isolation, ion implantation, 
gold metallization and polyimide inter-metal dielectric and 


scratch protection to achieve excellent performance, unifor- | 


mity and reliability. . — | 


Electrical Specifications!, Тл = 25°C 





i: 


; Power Gain (152112) 


Gain Control Range‘ 
Reverse Isolation (151212) 

Input VSWR 

Output VSWR 

50 Q Noise Figure 

Output Power at 1 dB Compression 
Peak-to-Peak Single-Ended Output Voltage 
Output Third Order Intercept Point 

Group Delay 





Те 
2) 


VSWR 


P1 ав 
out 


Parameters and Test Conditions: ^ Vccz5 V, Vee = 0 V, Vgc=0 
f = 0.5 GHz 


› | GainFlatness | i f = 0.05 to 1.0 GHz - | ав 
3 dB Bandwidth? ` ШШ 






f = 0.5 GHz 





СС Supply Current 


SO-8 Package 






| ° 4.98 (0.196) 
4.80 (0.189) 
ш к 







3.99 (0.157) 5.461 6.20 (0.244) 
3.81 (0.150) peri 5.82 (0.229) _ 





0.48 (0.019) | "m. 1.91 (0.075) 
70.28 (0.011) 4° | = т 2 1.370054) 
_0.20 (0.008) 
0.10 (0.004) 
d 0 DEG. MIN. J Б 4 ЛОИ І 
i 8 DEG. MAX. i і 
0.25 (0.010 
0.020 (0.013) 0:18 10.002. 
0.51 (0.33) 1.27 (0.050) 
1.27 ' 0.41 (0.016) 
(0.050) | 
ТУР. 0.178 (0.007) MIN. 
6.20 (0.244 
NOTES: 5.82 (0.229) 


1. DIMENSIONS ARE IN MILLIMETERS (INCHES). 

2. CONTROLLING DIMENSIONS ARE IN INCHES. 

3. TOLERANCES CONFORM WITH HPM, CARSEM, AND 
JEDEC STANDARD EXCEPT AS NOTED. 


5.461 (0.215) MAX 


Typical Variable Gain vs. Frequency 
Та = 25°C, Vcc = 5 V, Vee = 0 V 


—— ere л... . 


te ST 







20 
m `L 
9 а! . 
a 0 
б 87 V 
-20 
 100kHz 02 05° чо 20 . 40 
_ Frequency, GHz 


Ic 
=. 
9 
= 
x 








+ 
. È 
js 
‘ 
( PUT 
t 


4” #5... 
u 
. 2 
D 
~ ‹ @ e? жо 
А - CUR ol ‘ 





9 


| < 
9 


Notes: 1. Тһе recommended operating voltage range for this device is 4 to 6 V. Typical performance as a function of voltage is on the following page. 
2. As measured using Input Pin 1 and Output Pin 6, with Output Pin 7 terminated into 50 Q and input Pin 4 at AC ground. 


3. Referenced from 50 MHz Gain. 


4. The recommended gain control range for these devices for dynamic control is O to 4.2 V. Operation at gain control settings above 4.2 V may 


result in gain increase rather than gain decrease. 
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IVA-05208 Silicon Bipolar MMIC 
1.5 GHz Variable Gain Amplifier 


Absolute Maximum Ratings | E | Typical Biasing Configuration 
and Functional Block Diagram 





















Absolute Maximum’ | |  pwerentaimpuDferema Output о 
Device Voltage (Усс-Уее) 8V "— = —L Сруравв 
Power Dissipation2;3 Cblock 1! | 18 V 
Input Power Input + o— — s Е аы gc 
gc eo 
Junction Temperature | | Ө 7 d E o—][—o Output — 
Storage Temperature -65 to 150C — Vee =0V | {A 16 : 
| | | |-> [< |—o Output + 
"8 = 150°C W2 | 4! I5 Chbliock | 
Thermal Resistance: Өс = 150°C/W | Input - o~ 1 52-5 Voc= 5 V 
Notes: Сыек !--------------! T Chypass 
1. Permanent damage may occur if any of these limits are exceeded. | E =й 
2. TcAsE = 25°С. A 
3. Derate at 6.67 mW/°C for Tc > 60°C. Single Ended Input / Single Ended Output .. 
' p — — — we weer кені елә ано но ано Бе m 
Cblock 4 l8 Coypass 
Part Number Ordering Information Input о |——9—1 100M an 
| | | | 17 
| | | А 
Part Number Devices Per Reel . Reel Size Vee = 0 V EE /S | | 6 Сыоск 
IVA-05208-TR1 777711000 7 Ke ° |— Output + 
IVA-05208-TR2 4000 13" | | 15 Сыоск 
' Cpypass gE | 9-9 \сс= 
: -------------- : I Cpypass 


Typical Performance, TA = 25*C, 
Vec =5 V, Vee = 0 V 
(Unless otherwise noted) "NN | 
Optional: For Single-Ended Output operation, Pin 7 
may be left unterminated (no Сыоск or 50 Q) | 
Cbypass = 1000 pF typical | 
Good grounding of Pins 2, 3 is critical for proper — | 
operation and good VSWR performance of this part. 










m 
ә. 
а. 
o 
3 ; m 
Vcc ,V 
Power Gain and P, gp at 0.5 GHz | 
and icc vs. Gain Control Voltage P P, ap VS. Frequency - Noise Figure vs. Frequency 
| 6 -ILD 















IL dyes 






га A = —— — m к: Wm 


Еа 






_ l TT a ease 
nie ЕШ s 
ШЕНЕП М L Ре 3 42 2 
0.2 0.5 1.0 2.0 4.0 0.01 0.2 0.5 10 20 4.0 


Frequency, GHz | Frequency, GHz 


2 Power Gain and P, gp at 0.5 GHz, 
Group Delay vs. Frequency and | ccvs. Case Temperat 





ure with Vgcs 0 V 
38 38 
ж не e|. 
tn tn < 
© за) 3-24 34 Е 
р. =— o 32 9-26 32 8 
4 зор @-2в 30 
|. | l| al мә | Ж 
E 02 05 1.0 2.0 4.0 -55  -25 «25 +85 +125 
Frequency, GHz Frequency, GHz | | Temperature, °С 
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778 HEWLETT | IVA-05218 
Q. PACKARD MagiC™ Silicon Bipolar MMIC 
m mE | : 1.5 GHz Variable Gain Amplifier 
Differential Input Option 


Features | 180 mil Package | 
* Differential Input and Output Capability | | 

* DC to 1.5 GHz Bandwidth; 2.0 Gb/s Data Rates 
* High Gain: 30 dB typical | 

* Wide Gain Control Range: 30 dB typical 

e 5 V Bias 

e 5 V Усс Control Voltage, loc < 3 mA 

* Fast Gain Control Response: < 10 ns typical 

* Hermetic Glass Ceramic Package 


Description mE 

The IVA-05218 is a variable gain amplifier housed in a minia- 
tureglass-metal hermetic surface mount package. This device 
can be used in any combination of single-ended or differential 
inputs or outputs (see Functional Block Diagram). The lowest 
frequency of operation is limited only by the values of user 
selected blocking and bypass capacitors. 





Notes: 
(unless otherwise specified) - 
1. Dimensions are in | 
2. Tolerances E 
in «ХХХ = +.005 ` 
mm XX = +.13 


Typical applications include variable gain amplification for 
fiber optic systems (e.g., SONET) with data rates up to 2.0 
Gb/s, mobile radio and satellite receivers, millimeter wave 
receiver IF amplifiers and communication receivers. 





| Typical Variable Gain vs. Frequenc 
The IVA series of variable gain amplifiers is fabricated using "T A= 25°C, V cc = 5 V, Vee =0 v 


HP's 10 GHz fr, 25 GHz fmax |ЗОЗАТТМ| silicon bipolar 





process. This process uses nitride self-alignment, — 20 —TTTTITfi—.I en 
subm icrometer lithography, trench isolation, ion implantation, n 10 —— EMI 
gold metallization and polyimide inter-metal dielectric and 9 | k. и 
scratch protection to achieve excellent performance, unifor- ё mH NI. 
mity and reliability. 10 [T Eee N 
p iov 
i EN l NM 
100 kHz" 02 05 10 20 4.0 


| ӨТЕ RFF ‚ GHz 
Electrical Specifications!, TA = 25°С oe шы 


Symbol Units 


Power Gain (152112) ` 





Gain Control Range‘ f = 0.5 GHz. V,,= 0 to 5 V 
Reverse Isolation (1512/2) 

Input VSWR - 
. Output VSWR 

50 Q Noise Figure | 

Output Power at.1 dB Compression f205GHz | 
Peak-to-Peak Single-Ended Output Voltage f-0.5GHz ` | 








Рав 


о | 
= 
> 





Й 


< 
9 
© 


jl 


А". 


ШТ 


1. The recommended operating voltage range for this device is 4 to 6 V. Typical performance as a function of voltage is on the following page. 
2. As measured using Input Pin 1 and Output Pin 6, with Output Pin 7 terminated into 50 ohms and Input Pin 4 at AC ground. 
3. Referenced from 50 MHz Gain. 
4. The recommended gain control range for these devices for dynamic control is O to 4.2 V. Operation at gain control settings above 4.2 V may 
result in gain increase rather than gain decrease. | 
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IVA-05218 Silicon Bipolar ММС 
1.5 GHz Variable Gain Amplifier 


Absolute Maximum Ratings _ Typical Biasing Configuration 


masou Mami | | and Functional Block Diagram 






























Device Voltage (ММ) 8У _ Differential Input / Differential Output 
| Power Dissipation?’ 600mW | = | 
Input Power +14 dBm 
| Vgc - Vee 7V 
Junction Temperature 200°C 
| Storage Temperature -65 to 200°C 





Notes: 

1. Permanent damage may occur if any of these limits are exceeded. 
2. Torse = 29 C. 

3. Derate at 20mW/C for T. > 170°C. 


Typical Pulls т, = 25°C, 
Vec = 5 V, Vee = 0 V 


(Unless otherwise noted) 


Power Gain and Р, at 0.5 GHz, 
and l, vs. Bias Voltage with V,, = 0 V 





34 0 
32 --2| 
tn 
9 F30 9-4 — 
e. сі d a 
28 2-6 ж 
& | !' Optional: For Single-Ended Output operation, Pin 7 
26 -8 | may be left wen (по Cblock or 50 Q) 
24  -10! 





Power Gain and Р, ав at 0.5 GHz 


and l., vs. Gain Control Voltage Рав VS. T Noise Figure vs. цы 









= 
АЕН 


Mesa 


3.0% 01 02 4.0 Of 0. | 4.0 





NF, dB 

@ 
BE 
| 
| 

1 КГ 
= 
— 


L 3 





mae GHz ` Frequency, GHz 
| E Power Gain and Р, at 0.5 GHz, 
Мес = :0- 5V ' ee Ry va: Frequency ~~ с vs. Case Temperature with V,. = 0 V 


ЩЩ. 
> aE 





Frequency, GHz Temperature, °C 
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Silicon Bipolar MMIC 2.5 GHz 
Variable Gain Amplifier 


Technical Data 


Features 

* Differential Input and 
Output Capability 

* DC to 2.5 GHz Bandwidth; 
3.4 Gbits/s Data Rates 

* High Gain: 24 dB Typical 

ө Wide Gain Control Range: 
34 dB Typical 

е 6 V Bias i 

° 5 V Усс Control Range, сс 
<3 mA 

е Fast Gain Response: «10 
nsec Typical 

е IVÀ-14208: Low Cost 
Plastic Surface Mount 
Package 

* IVA-14228: Hermetic 
Ceramic Surface Mount 
Package 


GAIN (dB) 





FREQUENCY (GHz) 


Figure 1. IVA-14228 Typical Variable 
Gain vs. Frequency and Усс at 
Усс «6 V, Tease = 25°C. 








Description 


. The IVA-14 series MMICs are 


variable gain amplifiers. The 
ГУА-14208 is housed in a mini- 
ature low cost plastic surface 


mount package. The IVA-14228 


is housed in a miniature 


hermetic ceramic surface mount 


package. Both devices can be 
used in any combination of 
single-ended or differential 
inputs or outputs (see Func- 
tional Block Diagram). The 
lowest frequency of operation is 
limited only by the values of 
user selected blocking and 
bypass capacitors. |. |. - 


Typical applications include 
variable gain amplification or 
limiting for fiber optic systems 
(e.g. SONET) with data rates up 
to 3.4 Gbits/s, mobile radio and 
satellite receivers, millimeter 
wave receiver IF amplifiers and 
communications receivers. 


The IVA series of variable gain 
amplifiers is fabricated using 
Hewlett-Packard’s 10 GHz fr, 25 
GHz fmax ISOSAT™-1 silicon 
bipolar process. This process 
uses nitride self-alignment, sub- 
micrometer lithography, trench 
isolation, ion implantation, gold 
metallization and polyimide 
inter-metal dielectric and 
scratch protection to achieve 
excellent performance, uni- 
formity and reliability. 
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IVA-14208 
IVA-14228 





IVA-14208 
Plastic SO-8 Package 





 IVA-14228 
Ceramic ‘28’ Package 





Functional Block 
Diagram and Pin 
Configuration 


PIN 1 





1. INPUT + 8. Vac 
2. Vee, AC GROUND 7. OUTPUT - 
3. Vee, AC GROUND 6. OUTPUT + 
4. INPUT- ` 5. Усс 


IVA-14228 PACKAGE BOTTOM IS Vee AC GROUND. 





Absolute Maximum Ratings!!! 


vacas | IVA-225 








T Device Voltage, Tase = 25°C Volts 

| Input Power, Т = 25°C dBm T | T 
Voc ME Control Voltage, T... Í = 25°C Volts 10 1 
T; Junction Temperature °C 150 200 
Т. Storage Temperature °С -65 to +150 | -65 to +200 


Total Device Dissipation i mW 100012 100013 





Thermal Resistance: 


| IVA-14208 Thermal Resistance Junction to Саве!“ Ө. = 68°C/W 
IVA-14228 Thermal Resistance Junction to Саве!“ Ө. = = 63°C/W 









Notes: 


1. Operation in excess of any one of these conditions may result i in permanent damage to the device. 
2. Tease = 25°C. Derate at 14.7 mW/*C for T ase > 82°C. 
3. Tease = 25°C. Derate at 15.9 mW/°C for Tease > 187°C. 


4. T; = 150°C. 


Guaranteed Electrical Specifications All measurements reflect single-ended (unbalanced) 
performance. Tease = 25° C. Усс = 6 V, VEE = 0 V, Nac = 0 V, Z, -500 


Symbol Parameter | Units ti T 


Power Gain (| Sn I2, f = 1 GHz 





62 
а» 
N 


Gain Control Rangel, =1 СН», 
Усс = 0 to 5 V 
mM Isolation (18,512), f = 1 GHz, | 
bn VSWR, f = 0.05 to 2.0 GHz, 


Output VSWR, f = 0.05 to 2.0 GHz, 
[%№с=005Ү 







+ 
e 
m 














| в 
bo сә 
2 ~J 









e > i» 
ee b e 


| Output: Power at 1 dB Gain, 
Compression f - 1 GHz 


Pk-Pk Single-ended Output Voltage; 
f= 1 GHz 






Ит 


со 





— | Supply II — 


Note: 

1. The recommended operating voltage range for these devices is 5 to 8 V. Typical performance as a function of voltage is shown in 
the graphs on the following pages. 

2. The recommended gain control range for these devices for dynamic control is 0 to 4.2 V. Operation at gain control settings 
above 4.2 V may result in gain increase rather than gain decrease. See figures 4 and 19. 
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IVA-14228 Typical Performance Curves 


INPUT + —] ING 


ALL C = 1000 pF 


Figure 2. IVA-142X8 Connection Diagram Sho 


VE 500 ` 
OUTPUT. == 


| Усс 


1 


Усс 


Inputs and 


wing Balanced 
Unbalanced Outputs. Inputs and Outputs May Be Either Balanced or 


Unbalanced. 


Pap (dBm), GAIN (dB) 


Vec (VOLTS) 


Figure 4. IVA-14228 P, арапа Gain 
vs. Усс; Усс = 6 V, Tease ш 25°C. 





FREQUENCY (GHz) 


Figure 7. IVA-14228 VSWR vs. 


Frequency; Усс = 6 У, Усс = 0 V, Ты 
- 25°C. 





NOISE FIGURE (dB) 





FREQUENCY (GHz) 


Figure 5. IVA- CCo ped lid 
iue ны and Усс; Усс = 6 V, Tease 





FREQUENCY P 


Figure 8. IVA-14228 VSWR vs. 
Frequency; Усс = 6 V, Усс = 5 V, Ты 
= 25°C. 
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lac (mA) 


TIME DELAY (pS) | 














GAIN (48) 
к 






Ma 3.0 
FREQUENCY Bi. 
Figure 3. IVA-14228 Gain vs. 


Frequency and Усс; Усс = 6 V, T 
= 25°C. ес == 





FREQUENCY (GHz) 


Figure 9. IVA-14228 Group Delay vs. 
Frequency; Vac = 0 V, Усс = 6 V, Tease 


IVA-14228 Typical Performance Curves (cont.) 











GAIN (dB) 





š Г š г 
3 о” 9 a 
ack 10 3.0 
FREQUENCY (GHz) FREQUENCY (GHz) TEMPERATURE (°C) 
Figure 10. IVA-14228 Gain vs. Fre- Figure 11: VA-14228 Р, ap vs. Fre- Figure 12. IVA-14228 Gain and Р.в 
quency and Temperature; Vcc = 6 V, quency and Temperature; Vcc = 6 V, vs. Temperature; Усс = 6 V, Усс = 0 
Усс = 0 V. s Я | Vac ш 0 V. | | V, Frequency =] GHz. | E 
a 
B 
= < 
à Е 
> 
FREQUENCY (GHz) TEMPERATURE (°C) Voc (VOLTS) 
Figure 13. IVA-14228 Noise Figure Figure 14. IVA-14228 Icc vs. Figure 15. IVA-14228 Icc vs. Усс апа 
vs. Frequency and Temperature; Temperature; Усс = 6 V, Усс = 0 V, Temperature; Усс = 0 V. | | 
Усс = 6 V, Усс = 0 V. Frequency = 1 GHz. | 
Е 
£D 
= 
9 
қ. 
_ Мес (VOLTS) Voc (VOLTS) 
and Temperature; Vac = 0 V, | Temperature; Усс = 0 V, Frequency 
Frequency = 1 GHz. | = 1 GHz. — ° 


10-109 


IVA-14208 Typical Performance Curves 


25 


РАНЕ 
Г ПО IL 


GAIN (dB) 





FREQUENCY (GHz) 


Figure 18. IVA-14208 Gain vs. 
Frequency and Усс; Усс = 6 V, Tease 
= 25°C. | 


Iac (mA) 





Vac (VOLTS) 


Figure 21. IVA-14208 Icc vs. Усс; Усс - 
= 25°С. 


= 6 V, Tease 





Рав (dBm) 


TEAG 
LO T 


0.1 3.0 
FREQUENCY Pes 


Figure 24. IVA-14208 P, ap vs. 


Frequency and Усс; Voc = 6 V, 
Frequency = 1 GHz, T.,,, = 25°C. 


P, ap (dBm), GAIN (dB) 


Мес (VOLTS) 
Figure 19. IVA-14208 Gain and P, az 


vs. Усс; Усс = 6 V, Frequency = 1 
9 case = °С. 


IN 
LULA 


Ш 


L T Г. 
1:1 І 


0.1 3.0 
FREQUENCY Nus 


Figure 22. IVA-14208 VSWR vs. 
Frequency; Усс = 6 V, Voc = 0 V, Tease 
= 25°С. 


4:1 





3:1 






VSWR 


2:1 





GAIN (dB) 





TEMPERATURE (°С) 


Figure 25. IVA-14208 Gain and Рав 


vs. Temperature; Усс = 6 У, Усс = 
0 V, Frequency = 1 GHz. 


10-11:0 





P gg (dBm) 


NOISE (dB) 





FREQUENCY (GHz) 


Figure 20. IVA-14208 Noise Figure ` 
vs. Frequency; Усс = 6 У, Усс = 0 У, 0 
Tease = 25°С. 





DELAY (pSEC) 






НН 
THI H 


0.1 3.0 
FREQUENCY "e 


Figure 23. IVA-14208 Group Delay _ 
vs. Frequency; Усс z 6 V, Vac = (V, 
Tease = 25°C. 








TEMPERATURE (°С) 


Figure 26. ГУА-14208 Тсс vs. 
Temperature; Усс x 6 V, Усс = 0 V. 


IVA-14208 Typical Performance Curves (cont.) 





50 

45 
— 40 e 
< ©, 
Е z 
8, 5 

30 

25 

5.0 5.5 6.0 6.5 7.0 
Усс (VOLTS) Усс (VOLTS) 
Figure 27. ГУА -142081сс vs. Усс; V. Figure 28. IVA-14208 Gain vs. Усс; 
= OV, Tease = 25°С. ыы mmm Усс = 0 V, Frequency = 1 GHz, Т. = 
25°С. 


HP-8573C 
VECTOR NETWORK ANALYZER HP-6038 
VOLTAGE SOURCE 
HP-6038 — 
VOLTAGE SOURCE . 











" 


ИЕ 


Figure 30. Test Equipment Setup for Measuring Performance of the IVA-142X8. 
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P 1dB (dBm) 





Voc (VOLTS) 


Figure 29. IVA-14208 Р, gp vs. Усс; 
Усс = 0 V, Frequency = 1 GHz, Tease = 
25°C. | 





Part Number — Information 


Part Number Qty. per Container 




























IVA-14208-STR BIP Strip 
IVA-14208-TR1 7" Reel 
IVA-14208-TR2 13" Reel 


IVA-14228-STR BIP Strip 





Package Dimensions 
IVA-14208 


" | 4.98 (0.196) 
4.80 (0.189) 






3.99 (0.157 6.20 (0.244) 
3.81 (0.150) 5.82 (0.229) 










PIN #1 К 
=" 0.28 (0.011) х ^9 1.91 (0.075) 
"I 1.37 (0.054) 
0. T (0.004) 
0 DEG MIN М с. 
1 mE 8 DEG MAX | | | 
0.25 (0.010) 
0.46 (0.018 
036 (0014) 0.18 (0:007) 
1.27 041100180. 1 0218) | | О 
(0.050) | 
TYP 


1. DIMENSIONS ARE IN MILLIMETERS (INCHES). 
2. CONTROLLING DIMENSIONS ARE IN INCHES. 


Package Dimensions 
IVA-14228 
10.414 (0.410) ! 
9.906 (0.390) . 2.337 (0.092) 
š 1.829 (0.072) 
0. око) | | 
4.699 (0.182) 
Е 4.445 (0.172) Rk | | 


0.457 (0.018) 
0.305 (0.012) 










6.731 (0.265) ° 
6.223 (0.245) 


"E 2 


Vee AC GROUND Z NOTES: 
к 0.178 (0.007) 1. DIMENSIONS ARE IN MILLIMETERS (INCHES). 
2.794 (0.110) 0.076 (0.003) 2. CONTROLLING DIMENSIONS ARE IN INCHES. 


2.286 (0.090) 
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Decision Circuit Products 


Reliability Data 


Description 


For applications requiring component reliability estimation 
Hewlett-Packard provides reliability data for the Interface 
devices. Data is complied from reliability tests to demonstrate 
that a product meets design criteria. The data on this sheet 
represents the latest review of accumulated test results. 


Reliability 


Each design is tested for performance under varying condi- 
tions of temperature, humidity, vibration and mechanical 
shock. Sample production units undergo life testing to 
demonstrate predicted MTTF for selected product designs. 


The following MTTF (Mean Time To Failure) hours have 
been calculated from the failure rate predictions found in 
MIL-HDBK-217D, Reliability Prediction of Electronic Equip- 
ment. The Hybrid Microcircuit failure rate model was used: 


Ар = | XNc Ac Пс + [Na Ag + XN, Л, + Ag] ПЕ Пе! По Пр 
(failures/106 hour) 


where: 


XNcAclIg is the sum of the adjusted failure rates for the 
active components, packaged resistors, and 
capacitors in the hybrid 


Nc  isthe number of each particular component 
Ас іѕ the component failure rate 
Пс is the die correction factor 


МАлр is the number of (Ng) and failure rate con- 
tribution (Ag) of the chip or substrate resistors 


УМА, is the sum of the failure rate contributions of 
the interconnections (A) 


As 1$ the failure rate contribution of the hybrid 
package 


ПЕ is the environmental factor for the film resistors, 
interconnections and package 


По is the quality factor 
По is the density factor 
Пр is the circuit function factor 


MTTF 
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Summary 





HDMP-2003 | HBIC-0512 
HDMP-2004 | HBIC-0512 
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МТТҒ 
Hours 








HEWLETT 
PACKARD 
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Decision Circuit Products | 


Reliability Data 


Description 


For applications requiring component reliability estimation, 


Hewlett-Packard provides reliability data for all families of - N 


devices. Data is compiled from reliability tests run to 
demonstrate that a product meets the design criteria. 
Periodically, additional tests are run. The data on this sheet 
represents the latest review of accumulated test results. All 
data recorded here is for monolithic unt doge circuits made 
| — Hewlett-Packard’ s 13 GHz F p. ете | 


Applications 


_ This information represents the capabilities of the generic 


_ device. Failure rate and MTTF values presented here are 


achievable with normal MIL-S-19500 test screening. 
Reliability can be guaranteed only under — condi- 
_ tions and ТРО levels. 





Applicable Part Numbers | 


НОМР-2006 


И ШЕ оаа WW WI: 


JUNCTION TEMPERATURE Т) ‚ °С 


SCT MAE 
" ТУ 


MNO W| | 











106 107 _ 108 


MEAN TIME TO FAILURE МТТЕ (HRS.) 
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Silicon Comb Generator Modules 


Part | 
Minimum Po, at 12.4 GHz (dBm) 








Typical Poy at 18 GHz (dBm) 






-33002A/B1201 "ru 
33003А/В!8:0] | 114 
33004А/ВІ2:0] 11-4 
33005С/0/8:0] К 11-4 





Switches and Attenuators 
General Purpose Microwave SPST Switches and Attenuators DC-18 GHz 


Part 
wp Ф 















Max. Isolation dB) N = -100 mA 
Min. Insertion Loss (dB) | 1.3 0 

Max. SWR a e 
Max. Isolation (dB) ` 
Min. Insertion Loss вв) 
Max. SWR Я 


Low Loss Microwave SPST Switches and PNIS DC-18 GHz 


з 
„Таа [ soes [ ; e 
. 
€ . 
. 














Conditions 


Max. Isolation (dB) 
Min. Insertion Loss (dB) 
Max. SWR 





Max. Isolation (dB) 
Min. Insertion Loss (dB) 
Max. SWR 








4080 | 80120 | 120-180 m 


Part | 
. Number Parameter Conditions 


Мах. Isolation (dB) | 
Min. Insertion Loss (dB) 
Max. SWR 





Max. Isolation (dB) 
Min. Insertion Loss (dB) 
Max. SWR 





Notes: 
[a] A/C are complete comb generators with DC return and require no external bias. 
[b] B/D (no connectors) can be biased from either end using a bias tee. 


Switches and Attenuators (cont.) 
Microwave Switch - SPDT 0.1-18 GHz 


Part id Frequency Range, GHz A 
Number Parameter ee ME и: 12.0-18.0 | 
Min. Isolation, Common to OFF Arm 
Max.Insertion Loss, ON Arm (dB) B + 
Мах. SWR, ON Arm 1.5 1.5 


Switch Driver for Fast PIN Diode Switches 
Driver Input Controls Steady State Output Levels 


Typ. Open | Min. Available 
Input Max. Input Circuit Output 
e Switch Mode Logic State Voltage Current Logic State | Voltage Current Page 
x 8 90B | Min. Insertion Loss 0 0-0.8V | 4mASink -10 V 40 mA 
| BEES 2.5 V min. | 50 ЦА e +3 V 40 mA 
| NE Source 


Isolation 
Т 2) Increases for Viy edt than 2. 5 V. pu ingodnc "e 1 КО for k greater than 2.5 V. 











Microwave Bias Network - 0.1-18 GHz 


Frequency Range, GHz 









| Part 
Number 









Parameter 


Min. Insertion Loss 
Max. VSWR | | 
Мах. DC Bias Resistance (О) 





Notes: 
For reliability data see page 11-31 - 11-35. 
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HEWLETT 





Ú; 





PACKARD 
Coaxial Step Recovery Diode 
Modules (Impulse Train 
Generators) 
Technical Data en arate 
33004A/B 
33005C/D 


Features 

e Various Drive Frequencies 
Available 
100, 250, 500,1000 MHz 

е Narrow Output Pulses 
130 Picosecond Pulse Width 
with 10 Volt Amplitude 


* Broadband Output Comb 
Useful Power at Each Har- 
monic through 18 GHz 


е Input Matched to 500 


e Self-Biased 
No External Bias Required 


е Reliable 
Rugged, Reliable Solid State 
Hybrid Integrated Design 


Description 


These units are integrated step 
recovery diode "impulse train" 
generating circuits matched to 
50 Q at the input frequency. АП 
circuit elements necessary to 
produce the impulse train are 
integrated into the hermetically 
sealed cylindrical module. All 
internal joints are welded or 
thermocompression bonded for 
high reliability. Modules are 
also available mounted in a 3 
mm connector housing contain- 
ing a DC return which self- 
biases the diode. 


Applications 

When driven at the appropriate 
input frequency, the output of 
these devices is a train of 
narrow, high amplitude pulses 
at a repetition rate equal to the 
input frequency. The resulting 
"comb" spectrum consists of 
lines at all multiples of fix up to 
and beyond 18 GHz. The 
outputs are useful in many 
applications such as: measure- 
ment ofthe spectral behavior of 
various linear components 
(filters and slow wave struc- 
tures); frequency and amplitude 
calibration of receivers, sys- 
tems, and antennas; frequency 
marking systems; reference 
frequency generation for phase 
locked systems; sampling phase- 





lock systems; local oscillator 
drivers for coherent receiving 
techniques; multipliers; and 
pulse circuit applications. 





In addition to drive frequencies of 100 MHz, 250 MHz, 500 MHz, 
and 1000 MHz, other drive frequencies (any frequency between 
50 MHz and 3000 MHz) are available on special order. 






Specifications at Tcasg = 25°C 


Maximum Ratings 

Maximum Power at Input Ёгедчцепсу!!1...................................... 1.0 W 
Maximum Operating Temperature ........................................... 125°C 
Note: 


1. Derate to 0.5 W at 125°C. 


Specifications at Tcasg = 25°C mew 


Input Specifications 


Model Number 


33002A/B 
33003A/B | 


33004A/B 











Input Fre quency 
100 + 5 MHz (useful at slightly reduced . 
performance 100 + + 10 MHz) 


250 + 12.5 MHz (useful at slightly reduced 
performance 250 + + 25 МН?) | 


500 + 25 MHz (useful at slightly lud 
performance 500 + 50 MHz) 


33005C/D 1000 + 50 MHz (useful at slightly reduced 
performance 1000 + 100 MHz) 
Input SWR for Less than 2:1 at center frequency 
all Models 


Typical Output Pulse Characteristics, 0.5 W Drive 


Model Number Pulse E (V) Pulse КТІ 
(Drive Frequency) 


33002A/B (100 MHz) 
33003A/B (250 MHz) 
33004A/B (500 MHz) 
33005C/D (1000 MHz) 


























Line Spectra, 0.5 W Drive 










Power Output per Line (dBm) 





Model қ” to4GHz| 4-8GHz | 8-12.4 GHz |12. 4-18 GHz 
Number | Min. Тур/ | Min. c | Min. Typ.1| Min. Typ.t 
33002A/B -5 
(100 МН?) 


33003 А/В 
(250 МН?) 
33004A/B 
(500 MHz) 

33005C/D 

(1000 MHz)| 


*Fundamental line exclü ded. 
tMidband, see Figures 7-10. 


Mechanical Characteristics 






МУ -—————————— S See outline drawing 
Weight ...................... ——————— ен 10 grams 
Materials | = о | 
B and D versions ................................. outer case and leads - Kovar 
А and C versions.................................... outer case and connections 
- stainless steel 
Finish 
B and D versions .................... Gold plated, 50 microinch minimum 


А and C versions ........................................................ Stainless steel 


Temperature Effects 


The comb generator is designed- 
to operate over wide ambient 
temperatures (-55°С to +125°C). | 
The SWR remains below 2:1 and 
typical spectral line power ` 


J variation is about +2 dB over 


this temperature range. 


Bias 

The circuit diagrams are shown 
in Figure 1. Тһе “А” and “С” 
versions are complete comb 
generators with DC return and 
require no external bias. The 
module (“В” and “D” versions, 
no connectors) can be biased 
from either end 1 Бу using a bias 


_ tee. 





WIDE BAND 
DC RETURN 


Figure 1a. Electrical Schematic of 
“A” and “С” Versions. — 


Figure ib. Electrical команда of 
“В” and “D” Versions. > gs 





Environmental Characteristics 


Temperature Storage .................................................. -55°С {о +125°С 
Temperature Орегайпр.............................................. -55°С {о +125°С 
Temperature Cycling: T EH MIL-STD-750, Method 1051 
Test Condition A 

Pound Shock................................. MIL-STD-750, Method 1056 | 
Test Condition A (“B” and “D” versions only) 

Moisture Resistance ................................ MIL-STD-750, Method 1021 . 

Shock (nonoperating) ........................ ......MIL-STD-750, Method 2016 ` 


5 blows each X,, Ү,, Y, orientations 
| | 0.5 ms, 1500 g's 
Vibration Fatigue .................................... MIL-STD-750, Method 2046 


LLL 36.14 + 1.14 MEM 
(1.423 t 0.045) I 





SMA SMA 
PLUG JACK 
(INPUT) 
“A“ AND “C” VERSION 
= 192 (0.312) 


5.1 ihr 6.4 4.75+ 0.0 
(0.20) а оо (0.25) "|. (0.187 +0. 002) 
MIN. | MIN. DIA. | 


0.39 (0.0155) 
NOM DIA. 3.66 E о DIA. 2.58 о DIA. 
003) (0.1015 + 0.0015) 
(0.144. 5 000) 222 -0.0000 


“В” AND “D” VERSIONS 


ALL DIMENSIONS ARE IN MILLIMETERS AND (INCHES). 
TOLERANCES UNLESS OTHERWISE SPECIFIED: 

X.X = 0.5 (0.020) X.XX = 0.13 (0.005) 

eBLACK DOT INDICATES INPUT SIDE 


Figure 2. Mechanical Outlines. 

The output of these devices In the time domain, the output 
consists of a train of very short is characterized by the pulse 
pulses periodic with the input height, pulse width and the 
frequency. excess feed-through of the 


fundamental frequency 
component to the output. 
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In the frequency domain the 
output consists of power at all | 
frequencies which are integral 
multiples of fiy up toand = 
beyond 18 GHz. All specifica- 
tions are for 0.5 watt drive at. 
25?C case temperature. 


Time Domain 


2 VOLTS/cm 
2 ns/cm 


2 VOLTS/cm 
1 ns/cm 





Figure 3. Inpulse Waveform 33002A/B (100 MHz). Figure 4. Inpulse Waveform 33003A/B (250 MHz). 


3 VOLTS/cm 
500 ps/cm 


2 VOLTS/cm 
200 ps/cm 





Figure 5. Inpulse Waveform 33004A/B (500 MHz). Figure 6. Impulse Waveform 33005C/D (1000 MHz). 


Frequency Domain lines is equal to the input fre- 

In the frequency domain the quency. Fundamental frequency 
output is characterized by a line — feed-through is approximately 15 
spectrum. The spacing of the dBm with 27 dBm input power. 


+10 


| 
МІМІМОМ 
SPECIFIED 
POWER 


POWER OUTPUT (dBm) 
POWER OUTPUT (dBm) 





\ 





LL Sie 
ae БИЕ LONE 


-5 


MINIMUM N 
| SPECIFIED POWER E 
14 


0 2 4 6 8 10 12 


16 18 





FREQUENCY (GHz) 
Figure 7. Spectrum Envelope of 33002A/B (100 MHz). 


FREQUENCY (GHz) 


Figure 8. Spectrum Envelope of 33003A/B (250 MHz). 


TYPICAL SPECTRUM 


POWER OUTPUT (dBm) 
POWER OUTPUT (dBm) 





10 12 14 16 18 


FREQUENCY (GHz) 


Figure 9. Spectrum Envelope of 33004A/B (500 MHz). 


FREQUENCY (GHz) 


Figure 10. Spectrum Envelope of 33005C/D (1000 MHz). 
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Input SWR 

The input SWR is a function of 
the input power. The devices 
have all been optimized for ` 
minimum SWR at the nominal . 


SWR Characteristics 








center frequency with 0.5 watt 
drive. Below 0.5 watts, the 
SWR begins increasing. The 


applied to the diode (“B” and “D” 
versions only, which have no DC 
return). 


`` point of minimum SWR тау be 
adjusted if external bias is 








.1W INPUT 
| .5W INPUT 
c AW INPUT c 
Š f| .25W INPUT = 
5 - 
95 D И 10256 105 0ҢӘ — ]” o 
fiN — FREQUENCY (MHz) бм — FREQUENCY (MPa 
Figure 11. 33002A/B Figure 12. 33003A/B. 
.1W INPUT 
.25W INPUT 
5W INPUT 
44 oc 
Š Š 
Е = 
fin — FREQUENCY (MHz) fiy — FREQUENCY " 
Figure 13. 33004A/B. Figure 14. 33005C/D. 
Test Setups analyzer must be interpreted 


Comb generators can be 
measured in the time domain 
using a very fast sampling 
scope, or in the frequency 
domain using several sweepers 
(as local oscillators), mixers and 
an IF amplifier. Measurements 
made using a spectrum 


very carefully because of the 
large number of spurious 
responses when driven by the 
extremely wideband comb 
generated by these devices. Ове 
of a tracking preselector (НР ` 
8445B) helps eliminate these 
spurious responses. 
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Microwave Switch-SPDT 
0.1-18 GHz 


Technical Data 


33016С 


Features switching speeds of 100 ns may 
e Wideband 0.1 to 18 GHz be achieved. See Application 
e Hermetic Diode Module Note AN 932 for additional 
e High Isolation details. 
RF to DC Isolation 
"m Isolation of the RF from the 
A control circuit is typically 30 dB. 





This single-pole, double-throw RF Power Handling 
switch takes advantage of HP's 


low capacitance Beam Lead PIN vie! = ч ч eod паш rh ; т. diode. Pulse RF power handling 
diodes as a series element and лаи x of the ON ив is limited by the voltage | 
HP's chip PIN diodes as shunt p breakdown of the shunt diodes. 


elements to provide high perfor- 
mance over a broad bandwidth. 

Schematic Diagram 
This microwave switch is 
operable from 0.1 to 18 GHz, in 
both broadband and narrow- ----------------- 
band applications. Specified | 
isolation is 60 dB up to 18 GHz. | [onam w 
This switch is a reliable general | | 


| > < | 
purpose device usable in test | ж ж 
instrumentation, ECM systems, ARM 1| | Ж Ж, ARM 2 
communications, and other | | 


applications where high 





| 
performance is desirable. | L- a i 
Driver Considerations $ зе ӘС. TEMP 
The recommended bias currents єр 
for the 33016C аге 50 mA for ` | 
the ON arm and -50 mA for the BIAS 


OFF arm. Driver requirements 
are dictated by the specific 
application. Using suitable 
driver circuits typical 10 to 90% 


Maximum Ratings 






Operating Temperature | -65°С {о +95°С 
Storage Temperature -65?C to +125°С 


70 W 
(1 us, 0.001 duty cycle) (Derate linearly to 33 W at 95°C) 


Control Current 















ON Arm +100 mA 
OFF Arm -100 mA 
Control Voltage -1 V, +12.0 V 





Environmental  Moisture Resistance: MIL- 


Capabilities 7 STD-883. Method 1004. 


Non-Operating Temperature Salt Atmosphere: (corrosion) 
Cycling: MIL-STD-883. Method MIL-STD-883, Method 1009, 
1010 Test Condition B (-55°C to Test Condition A. 

+125°C) 
Shock: MIL-STD-883, Method 
2002, Test Condition B. | 


Electrical Specifications at Tcasg = 25°C 


Lu 


Minimum Isolation, Common to OFF Arm (dB) 
Maximum Insertion Loss, ON Arm (dB) | 15 | 
Maximum SWR, ON Arm | 15 — 


*Ic (OFF) = -50 mA 
Ic (ON) = +50 mA 


st ШШ В 00111118 
муе IHH ОТ ТШ 
vst ШШ Li / Ld 
i 1 0 


oL ИШ | 
L ШШШ ШШ 

sot Lu ШШ ШШ 

vet LL ОНИ III 








INSERTION LOSS (dB) 









ISOLATION (dB) 





SWR 
> 
MA 
БЕ 
— 
== 


Mechanical 
Specifications 

Size: See Outline Drawing. 
Body Finish: painted. 


JUL TTL 
АНА РИ 
TEE TER LU 





FREQUENCY (GHz) FREQUENCY (GHz) 


Figure 1. Typical Insertion Loss and SWR (ON Arm). Figure 2. Typical Isolation (OFF Arm). 
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Outline Drawing 










ШІ 
Ш | 







SMC JACK* (MALE) | (0.74) 


В!А$ СОММЕСТОВ | 6.9 
(TYP. 2 PLCS) MEN (0.27) 
| 9 


MICROWAVE SWITCH 


wii —— Ш 


(TYP. 3 PLCS) ` 


3.18 
(0.125) DIA. - 
(TYP. 2 PLCS) 


ІШІ 





ALL DIMENSIONS ARE IN MILLIMETERS AND (INCHES). 


TOLERANCES UNLESS OTHERWISE SPECIFIED: 
| Lo X.X = 0.5 (0.020) X.XX = 0.13 (0.005) | 


*SMA JACK AVAILABLE AS OPTION 001 
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General Purpose Microwave 








Technical Data 


Features 

° Low Insertion Loss 
е High Isolation 

е Low SWR 


е Package and Connector 
Variety 


Description 


HP SPST switches utilize PIN 
diodes in shunt across a 50 ohm 
transmission line. At microwave 
frequencies the PIN diode 
presents a high impedance at 
zero bias. With the diode in 
shunt, the switch is “оп” at zero 
bias (well matched and passing 
all the incident RF power). | 
Approximately 50 mA of DC 
current per diode reduces the 
diode impedance to much less 
than 50 ohms. Thus the switch 
is “off” when the diode is 


Selection Guide 


Description/Configuration 


Broadband 
33100 Series 


SPST Switches and 
Attenuators DC-18 GHz 








heavily forward biased (high 
mismatch reflecting most of the 
power back to the source). When 
switching from the "on" to “off” 
state, the switch can be set at 
any attenuation level between 
these two extremes. The PIN 
diode allows a smooth and 
repeatable variation of attenua- 
tion with change in bias level. 
Typical switching speed is 

90 ns. 


The HP 33100 is a complete 
switch, with RF connector, bias 
circuit, and built in DC return. 
Ordering information is given 
on the following page. 


For further technical details, 
see HP Application Note 922, 
"Application of PIN Diodes." 





Standard 
(2-diode) 
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High 
Isolation 
(4-diode) 


33102А 
33104А 








Ordering Information 


The HP 33100 series switch is a 
broadband general purpose 
switch. The standard unit is 
supplied with SMA jack 
(female) RF connectors and 
ЭМС jack bias connector. Ап 
SMA jack bias connector is 
available as Option 001. 



















DC Bias 
Circuit 


Built-In 


Connector 
Options 


SMA Only 






Electrical Specifications 
Maximum Ratings | 


| CW RF Power at Toxsg = 25°C 


;` 


Maximum Control Current/Voltage 


Current (mA) Voltage (V) 
m [| 400630 | 






+100 to -1.0 


Noise Figure | Switch Schematics 
Equal to attenuation. 


Distortion 


Internally generated harmonics 

in the General Purpose Series | 

are typically 40 dB below the 

fundamental at input power 

levels up to 2 watts. | —————— 


RF to DC Isolation Е Figure 1. Module Schematic. 
Isolation of the RF from the 


control circuit is typically 30 dB. 


Driver Considerations 200 pF 200 pF 


Driver requirements ате dic- 2 3 ® Qe T7777 TTT 
tated by the specific application. 

When the switch is used as a 

modulator or attenuator, a | 

current amplifier is required. | МЕҢ m mE 


Suitable integrated circuits can H 
be obtained for either laboratory = 
or OEM applications. For | 


example, an HP 33190B 1s Figure 2. Switch Assembly Schematic. 
suitable as a driver. т 


Diode Number 
Model Polarity of Diodes 














Typical Switching 
Speed (1096-9040) ` 83102A, 33104A 








_ 83104 As Shown 4 
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Electrical Specifications at Tcasg = 25°C 
33100 Series Broadband 


Frequency Range (GHz) | | 
Parameter Conditions | 8.0-12.0 | 12.0-18.0 


.83102A | Min. Isolation (dB) Ic = -100 mA 
_| Max. Insertion Loss (dB) 





| Ic 
ТТТ 





Typical Attenuation Characteristics 


ATTENUATION (dB) 
585 8 
B 

L| 
g 
| : 
8 Š 


INSERTION LOSS (d8) 
о > = N № Uc 
m о @ о o 6 
в ` 
g Š 
£ 


FREQUENCY (GHz) 


Figure 3. Attenuation and Insertion Loss vs. Frequency, 33100 Series. 


12.4-18 GHz 
8-12.4 GHz 


ATTENUATION (dB) 
ATTENUATION (dB) 





02 n 1 0: | 100 200 
BIAS CURRENT (mA) BIAS CURRENT (mA) | 
Figure 4. Attenuation vs. Bias with Frequency as a Figure 5. Attenuation vs. Bias with Frequency as a 
Parameter, 33102A. Parameter, 33104A. I 
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RF Power Handling RF Power Handling at Tcasg = 25°C 


The breakdown voltage of the 
diode, the maximum diode 
power dissipation, the bias 


state, and the frequency of the —— — — PULSE 

RF signal all determine the МЕ sura 
maximum RF power a switch аот hy A LE M 
can handle. Under full isolation | Os ИТР 
conditions, the limiting factor 3: 6 < FREQUENCY <18 GHz 


which defines power handling 
capability is energy storage 
capacity of the diodes. Under 
insertion loss conditions the 
limiting factor which defines. 
power handling capability is 
diode breakdown voltage. 


INCIDENT POWER (W) 


FOR OTHER PULSE WIDTHS, 


MULTIPLY BY PULSE 
CORRECTION FACTOR 





л 1 10 100 
-~ ATTENUATION (dB) 


Figure 7. Incident Pulse and CW Power Ratings vs. Attenuation, 
General Purpose 4-Diode Switches. See Table for Pulse | 
Correction Factor. 


INCIDENT POWER DERATING MULTIPLYING FACTOR 


Pulse Width Correction Factor 
Apply to Incident Power Ratings of Figure 7. _ 


| Pulse Width > Correction Factor | 





MODULE CASE TEMPERATURE - (°С) 





Figure 6. Temperature Derating of 
Incident Power. 
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Typical Phase Shift Characteristics ` 





ш ш 
ш — 9 
б ul 
= a 
n" - 
т - 
Ф 5 
o ы 
< N 
T < 
а = 
ATTENUATION (dB — 0 ATTENUATION (dB) | 
Figure 8. Phase Shift vs. Attenuation, 33102А. Figure 9. Phase Shift vs. Attenuation, 33104A. 


Typical Temperature Effects 





Š Š 
z z 
Š Š 
= = 
< < 
2 2 
FREQUENCY (GHz) 20 і и | FREQUENCY (GHz) 
Figure 10. Typical Isolation vs. Frequency with ` Figure 11. Typical Isolation vs. Frequency with 
Temperature as а Parameter of Recommended Bias, Temperature as a Parameter at Recommended Bias, 
General Purpose 2-Diode Switches. | General Purpose 2-Diode Switches. 
© 
2 
9 
2 
о 
с 
2 





8 10 12 12.4 


FREQUENCY (GHz) 
Figure 12. Typical Insertion Loss vs. Frequency with 
Temperature as a Parameter at Lc = 0, General Purpose 
2-Diode Switches. 
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Environmental Shock: MIL-STD-883, Method 


Capabilities 2002, Test Condition B. 
33100 Series: | m | 
Non-Operating Temperature Moisture Resistance: MIL- 
Cycling: MIL-STD-883, Method STD-883, Method 1004. 


1010, Test Condition B (-55°C to 
+125°C). 


Salt Atmosphere: (corrosion) 
MIL-STD-883, Method 1009, 
Test Condition A. 


Outline Drawing 


33100 Series | ^ 
© SMCJACK* (MALE); 00 
| 3.18 


8.9 (0.125) 
(0.35) DIA. ТУР. 






x + 97. 
Ё | 12.19 
| ШЕ (0480) 
| d. 


573 | А 

_ (0.38) В x 279 ] i B 

_ (ТУР. 2 PLCS) (0.110) A 

. SMA JACK 
(TYP. 2 PLCS) 

Modei | A | B | c 2 


33102 31.8 (1.25) 9.7 + 0.25 21.9 + 0.25 — 
(0.383 + 0.010) (0.863 + 0.010) 


33104 37.3 (1.47) 12.5 + 0.25 24.7 + 0.25 | 
(0.493 + 0.010) (0.973 + 0.010) 


*SMA Jack available as Option 001. 
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Mechanical 
Specifications 
Size: See Outline Drawing 


Finish: 33100 Series - Body: 
painted 







33100 Series 


33102A | 33104A 
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Low Loss Microwave SPST 


Switches and Attenuators 
DC-18 GHz 


Technical Data 


33132А 
33134А 


Features diode impedance to much less 
e Low Insertion Loss than 50 ohms. Thus the switch 
е ТІ; > is “off” when the diode is 
: а тет heavily forward biased (high 
mismatch reflecting most of the 
"MD power back to the source). When 
Description switching from the “on” to “off” 


HP SPST switches utilize PIN state, the switch can be set at 
diodes in shunt across а 50 ohm апу attenuation level between 
transmission line. At microwave those two extremes. The PIN 





frequencies the PIN diode diode allows a smooth and 
presents a very high impedance repeatable variation of attenua- 
at zero bias. With the diode in tion with change in bias level. 


shunt, the switch is “оп” at zero 
bias (well matched and passing The HP 33130 series are 





all the incident RF power). complete switches with RF 
Approximately 15 mA of DC connectors, bias circuits, and 
current per diode reduces the built in DC returns. 
Switch Schematics 

Шер eae eo 200 pF 


Diode Number 
Polarity of Diodes 





700 pF 


For further technical details, see HP 


Application Note 922, “Applications of PIN 
Figure 1. Switch Assembly Schematic. 33130 Series. Diodes.” 
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Electrical Specifications 
Maximum Ratings 





_ Parameter 






See following table 


Operating Temperature. | 







Storage Temperature 
CW RF Power at TCASE = 25°C 
Pulse RF Power at Tcasg = 25°С (1 ив, 0.001 duty cycle) 


_ Control Current/Voltage | 


Maximum Control Current/Voltage 


| Model | Current (mA) Voltage (V) 
33132A -100 to +1.0 
33134A -100 to +1.0 


RF Power Handling 

The breakdown voltage of the 
diode, the maximum diode 
power dissipation, the bias 
state, and the frequency of the 






33130 Series | 
E -5 










1000 | 





—— —-—PULSE 
CW 





| 
PULSE WIDTH = 1 us 
DUTY CYCLE < 1% 






1: FREQUENCY «2 GHz 
2: 2 « FREQUENCY «6 GHz 
3: 6 « FREQUENCY «18 GHz 







RF signal all determine the = 1% 
maximum RF power a switch = 
can handle. 5 
| | | Q 
Pulse Width Correction 9 ж SMS / 
Factor | | М 
Apply to Incidental Power = | 
Ratings of Figure 2. FOR OTHER PULSE WIDTHS, __ 





MULTIPLY BY PULSE 
CORRECTION FACTOR 





= 


.1 1 | . 10 100 
ATTENUATION (dB) 


Figure 2. Incident Pulse and CW Power Ratings vs. Attenuation. See Table 
for Pulse Correction Factor (Тс = 25°C). | 









Pulse Correction 
Width Factor 
| 062  —— 







Driver Considerations 


Driver requirements are dic- 
tated by the specific application. 
When the switch is used as a 
modulator or attenuator, a 
current amplifier is required. 
Suitable integrated circuits can 
be obtained for either laboratory 
or OEM applications. The HP 


33190B is also suitable as a 
driver. Typical 1096-9096 switch- 
ing speed is 50 to 100 ns in 


. either off-on or on-off switching. 


Noise Figure 
Equal to attenuation. 
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Distortion 

Internally generated harmonics 
are typically 40 dB below the 
fundamental at input power 
levels up to 2 watts. 


RF to DC Isolation 


Isolation of the RF from the 
control circuit is typically 30 dB. 


Electrical Specifications at Tcasg = 25°C 


33130 Series Switches 





Max. Insertion Loss (dB) 


Note: 


Frequency Range (GHz) 


sre soa эт 
pe 


[ues 0 
53134A 
ü Ex 


1. 3-6 dB improvement in isolation in the frequency range 0.1-12 GHz can be realized by — bias current to 100 mA. 


Typical Characteristics 


ATTENUATION (dB) 


IS 





100 1000 








BIAS CURRENT (mA) 


Figure 3. Attenuation of the 33132A 
as a Function of Bias Current with 
Frequency as a Parameter. 


Ordering Information | 


33130 Series General 
Purpose Switches 

The HP 33130 series switch is a 
broadband general purpose 
switch. The standard unit is 
supplied with SMA jack (female) 
RF connectors and SMC jack 
bias connector. An SMA jack 
bias connector is available as 
Option 001. 


2755 4 4 d 
pri m | 
Z 
A 
VP ИЯ Ж 


шы 
твн 27 Т it 


Z 


. ATTENUATION (dB) 


E =: 





0.2 1 10 100 1000 
BIAS CURRENT (mA) 
Figure 4. Attenuation of the 33134A 


_ asa Function of Bias Current with 


Frequency as a Parameter. 


Mechanical 
Specifications 


Size: See Outline Drawing. 


Finish: 33130 Series - Body: 
painted. 
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ч © © 
o o 





ATTENUATION (dB) 







TET || 


INSERTION LOSS (dB) 





| Е а Ши п 
„ ЕЕЕ =: == Ti 
001 0.1 1.0 "0 


FREQUENCY (GHz) 


Figure 5. Typical Attenuation and 
Insertion Loss vs. Frequency. 


Outline Drawing 


33130 Series 







SMC JACK* (MALE) 


3.18 
8.9 (0.125) 
(0.35) DIA. TYP. 





q 97 
| 12.19 
ІШІ l РТ" пос 
4 У. 
- нен — 212 
(0.38) 279 $ |. | 
(TYP. 2PLCS) (0.110) қ 





SMA JACK 
(TYP. 2 PLCS) 


ма | 4 | в [| c 
33132А | 31.8 (1.25) 9.7 + 0.25 21.9 + 0.25 
Е ы (0.863 + 0.010) 


"MEM .' | (0.383 + 0.010) 
| 33134А | 37.3 (1.47) | 1254025 | 947-025 
у | | | (0.493 + 0.010) (0.973 + 0.010) 


*SMA Jack available as Option 001. | 























Environmental Operating Temperature: 
Capabilities MIL-E-5400 Table I, Class 2 
33130 Series: (-55?C to +95°С continuous). 


Non-Operating Temperature 

Cycling: MIL-STD-883, Method Shock: MIL-STD-883 Method 
1010, Test Condition B (-55°С to 2002, Test Condition B. 
+125°С). 
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Moisture Resistance: 
MIL-STD-883, Method 1004. 


Salt Atmosphere: (corrosion) 
MIL-STD-883, Method 1009, 
Test Condition A. 





Fast Microwave SPST 





Switches and Attenuators 


DC-18 GHz 
Technical Data 


Features 

е 5 ns Switching 

e TTL Compatible Driver 
e Hermetic 

e Low Insertion Loss 

е High Isolation 

° Low Bias Current 


Description 

The HP 33140 Series switches 
utilize HP's fastest PIN diodes 
in shunt across a 50 ohm trans- 
mission line. The PIN diode 
presents a very high impedance 
with reverse bias. With the 
diode in shunt, the switch is 


Switch Schematics 


200 pF 


200 pF 


Figure 1. Switch Assembly Schematic. 33140 Series. 


“оп” with reverse bias (well 
matched and passing all the 
incident RF power). Approxi- 
mately 10 mA of DC current per 
diode reduces this impedance to 
much less than 50 ohms. Thus 
the switch is “off” when the 
diode is forward biased (high 
mismatch reflecting most of the 
power back to the source). The 
PIN diode allows a smooth and 
repeatable variation of attenua- 
tion with change in bias level. 


The HP 33140 series are 
complete switches with RF 
connectors, bias circuit, and 
built in DC returns. The HP 


200 pF 









HEWLETT 
PACKARD 





Ú; 





33142А 
33144А 





331908 TTL compatible driver 
is recommended for use with 
this switch series. 


Diode Number 
Polarity of Diodes 


For further technical details, see HP 


Application Note 922, "Applications of PIN 
Diodes." 
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Maximum Ratings 


| Operating Temperature — — | | 
. Pulse RF Power at Tcasg = 25°C (1 из 0.001 duty cycle) 






















Electrical ‚ RF input and output connectors. RF to DC Isolation 
Specifications Depending on the application, Isolation of the RF from the con- 
RF Power Handling video filtering or attenuators trol circuit is typically 30 dB. 
may be required to minimize 
The breakdown voltage of the video feed-through and/or ring- 1000 
diode, the maximum diode ing on RF pulses due to multiple си | 
power dissipation, the bias state reflections of video spikes down | DUTY CYCLE < 1% 
and the frequency of the RF the RF lines. E 1 2:2« FREQUENCY < 6GHz 
signal all determine the ш мы JZ 
maximum RF power a switch Noise Figure 2 DER 
can handle. Equal to attenuation. | š о, 
| o 10.0 
Pulse Width Correction Distortion i 
F actor | Internally generated harmonics 
Apply to Incidental Power are 20 dB below the fundamen- 10 - 
Ratings of Figure 2. tal from 1 to 4 GHz at either full MED 
isolation or insertion loss for 
| — input power levels up to 1/2 КЕЕ ome à CW 
| | | 45. ; S V8. епилатоп. 
—€— watt. Above 4 GHz harmonics See Table for Pulse Correction 
are down 40 dB. Factor (Тс = 25°С). 


Switching Speed at 25?C: 
Тв (10% - 90% RF Voltage) = 5 ns Max. 
Тр (90% - 10% RF Voltage) = 7 ns Max. 


0% z 


Driver Considerations 





The recommended driver for the 
HP 33142A/33144A switch is 
the HP 33190B Add-on switch 
Driver. The 33190B requires +5 
volts and -12 volts bias power 
supplies and has TTL 
compatible input. The 33190B 
output port connects directly to 
the SMC control port of the 
33142A/33144A switch. 


om 

e 

es 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
l 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


ISOLATION LEVEL ` 


RF VOLTAGE LEVEL 
RELATIVE TO INSERTION LOSS 





idth Е 
кийерге 5 сте Test Conditions at 10 GHz: 
Video switching spikes from the 33142А Іс (Off) = 20 mA, Ус (On) = -10 V 


switch driver will appear at the 33144A Г (Off = 40 mA, Vc (On) = -10 V 
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Electrical Specifications at Tcasg = 25°C 


33140 Series Switches 


9110 

33142A | Weeds em | ж Тое е 

= 10Ү Т 

ШЕН. 
Гао | 20 | 20 - 


Max. Insertion | Max. Insertion Loss (dB) Mex. Ise Lese t. 


Max. |MaxSWR .— 
Typical Characteris tics 
100 
80 
60 æm сапа 


Zew p oou АТ. 


PI те Sears 






à 
= 
= 


ATTENUATION (dB) 





Z l І SE Gil 
sa PI НЕ ot 

ГЕН ШИШ ШШ 
H E 
.1 1.0 10 100 


BIAS CURRENT (mA) 


Figure 3. Attenuation of the 33142A 
as a Function of Bias Current 
with Frequency as a Parameter. 


Ordering Information 
The HP 33140 series switch is a 
broadband fast switch. The 
standard unit is supplied with 
SMA jack (female) RF 
connectors and SMC jack bias 
connector. Ап SMA jack bias 
connector is available as Option 
001. An add-on Driver 33190B 
is also available. 





Weight 33142A | 33144A 


ES -10 V 








"S a 


АА 





^N 


ATTENUATION (dB) 


= 


27 
ГИ 
Ww 
EE 
ІШІ 
Я 





| | __ 
ao ЕШШ ПИШ 
НЕЕ ГЕШ HHI 
[шш ae ae 
.1 1.0 100 


| BIAS CURRENT (mA) 


Figure 4. Attenuation of the 33144A 
as a Function of Bias Current 
with Frequency as a Parameter. 


Mechanical 
Specifications 
Size: See Outline Drawing. 


Finish: 33140 Series - Body: 
painted. 









33140 Series 


Grams 


| 08 | 10 
KL NN 
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ИП!!! all Mil 
ШЕ 
ИТТИ 





INSERTION LOSS (dB) ISOLATION (dB) 


100 
FREQUENCY (GHz) 


Figure 5. Attenuation and Insertion 
Loss vs. Frequency. 


Outline Drawing 
33140 Series 






SMC JACK* (MALE) 


3.18 (0.125) 
DIA. TYP. 





9.5 
(0.38) 
(TYP. 2 PLCS) 


9.7 + 0.25 
(0.383 + 0.010) 





33132А | 31.8 (1.25) 












_ 21.9 + 0.25 
(0.863 + 0.010) 





33134А | 37.3 (1.47) 12.5 + 0.25 24.7 + 0.25 
| | О (0.493 + 0.010) (0.978 + 0.010) 

*SMA Jack available as Option 001. 
Environmental Operating Temperature: 
Capabilities MIL-E-5400R Table I, Class 2 
33140 Series: (-55°C to +95°C continuous). 
Non-Operating Tempera- вос, MIL-STD-883, Method 
1010, Test Condition В (-55°C to 2002, Test Condition B. 
+125°C). 
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Moisture Resistance: MIL- 
STD-883, Method 1004. | 


Salt Atmosphere: (corrosion) 
MIL-STD-883, Method 1009 
Test Condition А. | 





HEWLETT 





Ú; 





PACKARD 
Microwave Bias Network 
0.1-18 GHz 
Technical Data 
33150А 


Features Examples of microwave bias 
e Wideband applications include FET or 
e Low Insertion Loss Bipolar transistor amplifiers, 
e High RF to DC Isolation SRD multipliers, mixers and 


detectors, and limiters. This 

Q— device is ideal for use in device 
e р | and circuit test setups in the 

The broadband DC return is laboratory, where minimum 

designed for use asa biasteeor ^ disturbance of the RF circuit is 

DC return in microwave labora- desired. 

tory and systems applications. 





Maximum Ratings Schematic Diagram 


Electrical Specifications at Tcasg = 25°C 200pF 


Frequency Range (GHz) 
18-26 
Parameter 0.1-3.5 | 3.5-11 | 11-18 | Option 002 
Maximum Insertion 0.4 1.1 1.5 
Loss (dB) 
Maximum SWR | 151 | L51 | L8 8: 


Maximum DC Bias 
Resistance (Q) 
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Ordering Information Mechanical Environmental Ratings 


The 33150 із а broadband bias X Specifications Non-Operating Temperature 
network. The standard unit is Body: Alodined aluminum MIL- Cycling: MIL-STD-883, Method 
supplied with SMA jack C-5541. 1010, Test Condition B (-55?C to 
(female), RF connectors, and Maximum Weight: 23 grams +125°С). 
ЭМС jack (male) bias connector. (0.8 ounces) Shock: MIL-STD-883. Method 
An SMA jack bias connector is 2002, Test Condition B, (0.5 ms, 
available as Option 001. 1500 С). 
Moisture Resistance: MIL- 
STD-883, Method 1004. 
























oM ЕН 
| АИ 


РЕНИ | 


ІШ 
ШШ ШШ 
ОШ РШ ОШ 
ШШ ШШ 
ШШ И А 


ШЕШІ 
ELA LLL LLL 
ELLE LEID LLL 
A Lobo EEUU 
ЩИ DU ТЕ 
ШИШИ ШИИ 


INSERTION LOSS (dB) 
o 
m 


ISOLATION (dB) 
o 
© 










€ ||| || ШШ ШШЩ 
Co ШИ ШЇЇ “ГГ ШІ 
ELE ТИШ ШЇ | ЫШ | EEL 
1 1.0 7100 100 E 1.0 10.0 7° 10. 
| FREQUENCY (GHz) FREQUENCY (GHz) Ú 
Figure 1. Typical Insertion Loss and SWR. Figure 2. Typical RF to DC Isolation 
Outline Drawing 





SMC JACK (MALE) 
CONNECTOR | 


SMA JACK 
CONNECTOR 
(TYP. 2 PLCS.) 





ALL DIMENSIONS ARE IN MILLIMETERS AND (INCHES). 
TOLERANCES UNLESS OTHERWISE SPECIFIED: 
X.X = 0.5 (0.020) X.XX = 0.13 (0.005). 
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Switch Driver for Fast SPST 


PIN Diode Switches 


Technical Data 


Features 
° TTL Compatible Input 
e High Speed 


Description 


The HP 33190B is a driver 
designed for the HP 33140 Fast 
SPST switch series. The fully 
TTL compatible driver simpli- 
fies high speed switching by 
converting the TTL inputs to 
the required switching bias 
levels. The HP 33190B requires 
+5 V and -12 V bias supplies. Its 
output connector mates directly 
with the SMC control port con- 
nector on the HP 33140 series 
switches. 


Applications 

To achieve nanosecond switch- 
ing times with diode switches, a 
specially shaped switching 
impulse is required to compen- 
sate for PIN diode minority 
carrier lifetime. Since minority 
carrier lifetime is a diode 
parameter and varies greatly for 
different classes of diodes, 
drivers are designed to optimize 
switching time for a specific 


33190B 


diode/switch. The HP 33190B 1s 
designed specifically for the HP 
33142А and 33144A model 
switches, but can be used to 
improve switching time of any 


SPST diode switch. 





Maximum Ratings 


Operating Temperature .............. РИА -55°C to 95°C 
ан. ITI у. О И -55?C to 125°С 


Electrical Specifications at Tcasg = 25°C 
Driver Input Control Levels 


Max. Input 
Current 


Isolation 





Notes: 

1. Inverted for 33102А/33104А. 

2. Increases for Угу greater than 2.5 V. Input impedance approximately 1 КО for Vin 
greater than 2.5 V. 


Bias Supply Voltages: 


+5 V + 5% 
-12 V +5% 


Bias Supply Currents (Maximum) 


HP Switch Type 


33132A/33134A 

















33102A/33104A 
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Steady State Output Levels . Environmental |. 


| — Capabilities 
; Minimum Available Non-Operating Temperature 
Logic State Circuit Voltage Output Current Cycling: MIL-STD-883, Method 
| 9 | 20у | omy 













1010, Test Condition B (-65°C to 
ғ-125С.0 
| Operating Temperature: 
MIL-E-5400, Table 1, Class 2 
(-65°С to +95°С continuous). 


Shock: MIL-STD-883, Method ` 
2002, Test Condition B. mE 


Moisture Resistance: MIL- 
STD-883, Method 1004. 





Salt Atmosphere: (corrosion) 
MIL-STD-883, Method 1009, 








Test Condition А. 
33142A/33144A 
10.7 
о < (0.42) 
SMAJACK (021) | |“ 
(TYP. 2 PLCS) 
\ 9.5 \ 
| ЕЛЕЕ СЕ 0.38 
i= t T 
| [ 352A | 35444 | 
279 li | A318 (1.25) | 37.3 (1.47) | 
id | B 9.7 (0.38) | 12.5 (0.49) | 
43.2 
(1.70) 
33190B 
SWITCH 3.8 
DRIVER (0.15) 








(9,12) DIA. (ТУР. 6 PLCS) \ | 


GROUND 
25 _„ NE SMC JACK (MALE) 
(0.10) TTL IN | 
a 38 , 
(1.25) ALL DIMENSIONS IN MILLIMETERS AND (INCHES). 
8.1 MAX TOLERANCES UNLESS OTHERWISE SPECIFIED: 
X.X = 0.5 (0.020) X.XX = 0.13 (0.005) 


(0.32 MAX) 
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TTL INPUT 


SWITCH OUTPUT 
RF VOLTAGE 


Figure 1. Switching Definitions. 


Definitions (Figure 1.) 
Tg = 10% to 90% Switch RF 


voltage. 
Тр = 90% to 10% Switch RF 


| voltage. 
Тра = Time delay from 50% 


driver input voltage to 


1096 switch RF output 


voltage. 






RF ENVELOPE 


LOGIC 1 


LOGIC O 






Трк = Time delay from 50% 
driver input voltage to 
9096 switch RF output 
voltage. 

Том = Трв + Tg 

Torr = Тре + Тұ 
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Comb Generators 


Reliability Data 


Description 

For applications requiring com- 
ponent reliability estimation, 
Hewlett-Packard provides 
reliability data for all families of 
devices. Data is compiled from 
reliability tests to demonstrate 
that a product meets design 
criteria. The data on this sheet 
represents the latest review of 
accumulated test results. 


Reliability 

Each design is tested for 
performance under varying con- 
ditions of temperature, 
humidity, vibration, and 
mechanical shock. Sample 
production units undergo life 
testing to demonstrate predicted 
MTTF for selected product 
designs. 


The following MTTF (Mean 
Time To Failure) hours have 
been calculated from the failure 
rate predictions found in MIL- 
HDBK-217D, Reliability Predic- 
tion of Electronic Equipment. 
The Hybrid Microcircuit failure 
rate model was used: 


Ар = (ENc Ac Пс + (Np Ag + 
УМ М + Ag) Пе ПЕ) По Пр 
(failures/108 hour) 


_ where: 


MTTF == l/Àp | 
ZNecAclI Ig is the sum of the 
adjusted failure rates 
for the active compo- 
nents, packaged 
resistors, and capaci- 
tors in the hybrid 
Nc is the number of each 
particular component 
Àc is the component fail- 
ure rate 
Пс is the die correction 
factor 
NgAgis the number of (Ng) 
and failure rate con- 
tribution (Ag) of the 
chip or substrate 
resistors 
УМА is the sum of the 
failure rate contribu- 
tions of the intercon- 
nections (А) 

Ag is the failure rate 
contribution of the 
hybrid package 

Пе is the environmental 
factor for the film 
resistors, interconnec- 
tions and package 

По is the quality factor 

Пр is the density factor 

Пр is the circuit function 
factor 
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Environmental 


Two common environments 
were chosen for the following 
MTTF predictions: 


Ground, Benign (GB) at 25?C 
ambient temperature 


—Nonmobile, laboratory 
environment readily accessible 
to maintenance; includes labor- 
atory instruments and test 
equipment, medical electronic 
equipment, business and 
scientific computer complexes. 


Ground Fixed (GF) at 40°C 
ambient temperature 





—Conditions less than ideal 
such as installation in perma- 
nent racks with adequate cool- 
ing air and possible installation 
in unheated buildings; includes 
permanent installation of air 
traffic control, radar and 
communications facilities, and 
missile silo ground support 
equipment. 


MTTF Summary 


33002A 
33002В 
33002В 
33003А 
33003В 
33003 В 
33004А 
33004B 
33004B 
33005C 
33005D 
33005D 






Part Ambient 
Number | Environment Temperature nal | 





50°С 

















op dpi np pun 
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Reliability Data 


Description 

For applications requiring com- 
ponent reliability estimation, 
Hewlett-Packard provides 
reliability data for the High 
Speed Circuit devices. Data is 
compiled from reliability tests to 
demonstrate that a product 
meets design criteria. The data 
on this sheet represents the 
latest review of accumulated 
test results. 


Reliability 

Each design is tested for 
performance under varying con- 
ditions of temperature, 
humidity, vibration, and 
mechanical shock. Sample 
production units undergo life 
testing to demonstrate predicted 
МТТЕ for selected product 
designs. 


The following MTTF (Mean 
Time To Failure) hours have 
been calculated from the failure 
rate predictions found in MIL- 
HDBK-217D. Reliability Predic- 
tion of Electronic Equipment. 
The Hybrid Microcircuit failure 
rate model was used: 


Ap = (УМ Xc Пс + (Ng Ap + 
2N; М + Às) Пе Пе) По Пр 
(failures/108 hour) 


where: 


Switches, Switch Drivers 


MTTF = 1/2 


УМСА, is the sum of the | 


adjusted failure rates 
for the active compo- 
nents, packaged 
resistors, and capaci- 
tors in the hybrid 

№ is the number of each 
particular component 

Ас 1s the component fail- 
ure rate | 

Пс is the die correction 

= factor 


NpÀg is the number of (Ng) | 


and failure rate con- 
tribution (Ар) of the 
chip or substrate 
resistors 

УМА; is the sum of the 
failure rate contribu- 
tions of the intercon- 
nections (А) 

Ag is the failure rate 
contribution of the 
hybrid package 

Пе is the environmental 
factor for the film 
resistors, interconnec- 
tions and package 

По is the quality factor 

Пр is the density factor 

Пу is the circuit function 
factor 
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[Г] РАскАЯо 











Two common environments 
were chosen for the following 
MTTF predictions: 


Ground, Benign (GB) at 25°C 
temperature 


—Nonmobile, laboratory 
environment readily accessible 
to maintenance, includes labor- 
atory instruments and test 
equipment, medical electronic 
equipment, business and 
scientific computer complexes. 


Ground Fixed (GF) at 40?C 
ambient temperature 





—Conditions less than ideal permanent installation of air 
such as installation in perma- traffic control, radar and 
nent racks with adequate cool- communications facilities, and 


ing air and possible installation missile silo ground support 
in unheated buildings, includes ^ equipment. 















Ambient MTTF 
Temperature Hours 
Product Family Part Number Environment ° x 108 








33016C 
33016C 
33102A 
33102А. 
33104A 
33104A 


General Purpose Microwave 
Switch 












SPST Low Loss Microwave 
xod 









SPST Fast Microwave 
| Switch 


Switch Driver 
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Reliability Data 


Description 

For applications requiring com- 
ponent reliability estimation, 
Hewlett-Packard provides 
reliability data for all families of 
devices. Data is compiled from 
reliability tests to demonstrate 
that a product meets design 
criteria. The data on this sheet 
represents the latest review of 
accumulated test results. 


Reliability 

Each design is tested for 
performance under varying con- 
ditions of temperature, 
humidity, vibration, and 
mechanical shock. Sample 
production units undergo life 
testing to demonstrate predicted 
MTTF for selected product 
designs. 


The following MTTF (Mean 
Time To Failure) hours have 
been calculated from the failure 
rate predictions found in MIL- 
HDBK-217D, Reliability Predic- 
tion of Electronic Equipment. 


MTTF Summary 


Product Family Part Number | Environment 


Broadband DC Return 





The Hybrid Microcircuit failure 
rate model was used: 


Ар = (ENc Ac Пс + (Ng А + 
2N; М + Аз) Пе Пе! По Пр 
(failures/10® hour) 


where: 
MTTF = l/Àp 
XNoÀclIg is the sum of the 
adjusted failure rates 
for the active compo- 
nents, packaged 
resistors, and capaci- 
tors in the hybrid 
Nc is the number of each 
particular component 
Ас is the component fail- 
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УМА is the sum of the 
failure rate contribu- 
tions of the intercon- 


ure rate | nections (4) 
Пс is the die correction Agis the failure rate 
factor contribution of the 
NgÀgis the number of (Np) hybrid package 
and failure rate con- Пе is the environmental 
tribution (Ag) of the factor for the film 
chip Е substrate resistors, interconnec- 
resistors tions, and package 
По is the quality factor 
[Ip is the density factor 
Пр is the circuit function 
factor 
Ambient | MTTF Hours 
Temperature, °С x 106 


Microwave Bias Network 33150A | GB 
33150A GF 
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Products 





. Cellular Base Station. 
Amplifiers 


Analog: Hewlett-Packard offers 


a line of Cellular Analog Base © 
Station amplifiers with output 
power up to 45 Watts and 


covering both North American ` 


and International frequency 
bands (869-894 & 917-950 


MHz). The most popular model © 


includes computer-controlled 
dynamic power output. 


Digital: HP also offers 
advanced linear power 
amplifiers for Digital Cellular 


Base Stations and for DCS-1800 · 


and GSM applications. 
Intermod performance of minus 

.80-dBc at power levels of 

45 Watts are typical at 900 and 

1800 MHz. 


Cellular base station amplifier 
equipment is sold to OEMs 


Communications Amplifier 


where some level of product cus- - 
tomization is typically терек | 


Introduction ` Ж 
The Transmitter nii 


forms the heart of the low power 
satellite uplink for data com- 


munications. The RF Module i is 
incorporated with other 


electronics in a common housing - 
designed for outdoor environ- . 


ments. It accepts baseband data 


to direct modulate the carrier or ` 


a lower frequency modulated 


carrier (і.е.: VHF, UHF, or other 


carrier frequency) which is 


multiplied and/or up-converted. 


 Subsystem Description 


A phase locked frequency agile 


| ‘source iS typically included. 
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This source c can be multiplied 
and/or up-converted to the 
= desired carrier frequency. 
C and KU Band Very ` За | 
Small Aperture | | 
Terminal (V SAT) 
| lransmitter 


С ВЕ Output Power 


After modulation the signal is | 


amplified toalevelof0.5to2 ` 
. Watts. Level control is provided | | 


after modulation in order to | 
maintain near constant — SK 
tion characteristics over wide ` 


l: output power ranges. Filtering i 
_ 1$ used throughout the chain о 
_ provide minimum spurious | 


levels and reduce transmitted 
noise in the receive bands. The 
output stages utilize discrete 


GaAs power FETs and MMIC 


power FETs. 


The following block Sie 


provide the various modulation 
schemes utilized in HP's | 


_ designs. 


Communications Amplifier Products 


Satellite Communications: Inmarsat Transceiver ——————— 12-6 
2.0 to 18.0 Frequency Range | 
Perlormance OUr ОНКОЛОГ Г Г Г AS 12-9 
Case ҮЛП ЗИЛ ооо оа 12-10 
Satellite Communications: Uplink Power Amplifiers es "——— тн 12-11 
5.925 to 6.425 GHz, 14.0 to 14.5 Frequency Range | | 
Case DraƏwings usce иное JR —————— tek 12-12-13 
20 W Amplifier .......... RON ——— À———— 12-14 
Case Drawings ....... m | НЕ НЕЕ ТТТ 12-16 
50 W Amplifier eue E MPH енеке —— M QE 12-17 
(САБЕ Отаи НЫК К Г Г Л у Н 12-18 
ТУТ Retrofit: High Power Common Carrier ......... ^"———ÓU— 12-19 
3.7 to 11.7 GHz Frequency Range | 
Retrofit Product Selection Guide ............................. —————————— anp Г" 12-21 
ФЕИ оо НЕНА 12-22-24 
Installation Dra wine 35r ТГ, 12-25 
General Purpose: Narrowband and CARS Вара .................................................. 12-26 
3.7 to 13.25 GHz Frequency Range 
Case Drawings uuu а оао киен 12-28-29 
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Ф HEWLETT Satellite Communications: 
PE PACKARD Inmarsat Transceiver 
Features Inmarsat RF Transceiver 


e 150 dB Receiver Isolation 

° 50 to 70 dB Receiver Gain 

. 4 LO Frequency Options 

е Noise Figures to 1.9 dB 

е Transmit Powers to «46.0 dBm 

е 1.5:1 VSWR 

е Reverse Polarity Voltage Protected 


Description 


The Hewlett-Packard Inmarsat RF Transceiver is an 
integrated uplink transmitter/upconverter with a power 
amplifier and downlink receiver front-end for use in shipboard 
and land-based earth stations for the worldwide Inmarsat 
telecommunications satellite system. This subsystem 
operates in the L-band, transmitting signals with +45.0 dBm 
power output in the 1636.5 to 1645.0 MHz frequency range 
while simultaneously receiving in the 1535.0 to 1543.5 MHz 
band. К interfaces with data and voice communications 
equipment using balanced-voltage digital interface circuitry 
compliant to EIA Standard RS-422. The assembly connects to 
the antenna via a single cable which carries both the transmit 
and receive signals. 


While units can be custom designed to operate on many 
combinations of TX-IF input, RX-IF output and UHF local 
oscillator frequencies, the standard unit can operate on any 
one of the four user supplied LO frequencies which predeter- 
mines any of three sets of IF input and output frequency bands 
as detailed in the specifications. 


Four functional groups comprise the subassembly (Figure 1): 
a diplexer, a receiver preamplifier, a frequency translator and 
a transmitter power amplifier. The translator includes a local 
oscillator frequency multiplier, a receiver RF-IF downcon- 
verter and a transmitter IF-RF upconverter. 


The diplexer provides in excess of 20 dB of isolation at each 
filter port and more than 60 dB of rejection at the band edge of 
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the otherfilter. The receiver preamplifier consists of abalanced 
1.0 dB noise figure, high gain GaAs FET preamplifier followed 
by a bandpass filter tuned to the receive band. 


Frequency translation begins with LO frequency multiplication 
accomplished by taking the signal from the UHF phase locked 
local oscillator, multiplying it to the proper system LO fre- 
quency (1330, 1460 or 1680 MHz) and dividing it into two equal 
signals to be used in the upconversion and downconversion 
sections. The use of narrowband LO frequency bandpass 
filters assures high rejection of the oscillator input signal and 
its other multiplication products. 


The downconverter is comprised of a double-balanced mixer, 
two low-pass filters, and two stages of gain. The low-pass filter 
at the IF port of the mixer rejects any residual external oscillator 
Signals, undesirable multiplication products and any local 
oscillator signals that may appear there, while the low-pass 
filter at the output of the downconverter rejects any out of band 
mixing products. 


The upconverter consists of a double balanced mixer, several 
gain stages, a filter and a limiter. The transmitter power 
amplifier RF section requires a constant input level which is 
provided by the limiting circuit. А narrow bandpass filter rejects 
undesired multiplication products leaking through the mixer 
and limits the noise power transmitted within the receiver RF 
band. 


2.0 to 18.0 GHz 
Frequency Range 


Satellite Communications: 
Inmarsat Transceiver 





The transmitter power amplifier, housed in a separate alumi- 
num case, consists of a class A input stage followed by two 
single-ended class C stages followed by a balanced class C 
stage and a high power isolator to provide +42.510 +46.0 dBm 
(17.8to 40.0 watts) of RF output power. The amplifier includes 
an EIA Standard RS-422 compatible control module which 
keys the RF power on and off, monitors the RF output power 
for failure annunciation, and monitors the internal case 
temperature for thermal shutdown annunciation. 


Designed for Rellability 


Most microwave transistors used in the Inmarsat transceiver 
are designed and built in Hewlett-Packard's own facility in 
Santa Clara, CA in close cooperation with the designers and 
their particular needs. This assures the best possible perfor- 
mance and reliability by allowing the designers to take full 
advantage of optimally designed transistors, plus it assures a 
continuing flow of virtually identical transistors throughout the 


Specifications 
Receiver Section 
RF Input 
Frequency Напде................................... 1535.0-1543.5 MHz 
Er аети —— setees 53 dB 
Optional Gain Available ..................................... 50-70 dB 
Сап Flaln888 4. u ar нано наданы +1 dB 
Gain Variation (under all conditions) ............................ +5 dB 
Noise Figure 
2597C u yau sawas "——— aus ..1.9 dB to 2.7 dB 
ОО m ———— шады 2.4 dB to 3.2 dB 
Bandwidth | 
ос RUM 20 MHz, Min 
00 dB ынйы дан есь 100 MHz, Max 
VSWR (50 оһтзѕ)............................... ——— M 1.5:1, Max. 
IF Output Ж. | 
Frequency Range | | 
System LO=1330 MHz КЕТКЕ 205.0-213.5 MHz 
System LO=1460 MHz ..................... ....... 75.0-83.5 MHz 
System LO=1680 MHz ........................ 136.5-145.0 MHz 
Power Output, Min. 
(1 dB Gain Compression) .. — P Ó +5 dBm 
Third Order 
Intercept Point, Min. ........................................... +15 dBm 
VSWR (50 ohms)............................................ .....2.0:1, Мах. 
(Optional, 75 ohms)........................................ 2.0:1, Max. 


Spurious and Noise Density Outputs in a 4 kHz BW. 
Referenced to RF input 
(75.0-83.5 MHz, 136.5-145.0 MHz or 
205.0-213.5 МН?) .................................. —150 dBm, Мах. 


manufacturing stages of the unit. 


All steps in the processing of the transistors are traceable 
down to the wafer level, and all manufacturing steps are 
documented for process control and to provide information for 
a comprehensive in-house failure analysis program. 
Components purchased from outside vendors are subjected to 
rigorous incoming inspection and only vendors with a proven 
record of consistent quality and reliability are selected. 


Packaging 

The Inmarsat transceiver is environmentally sealed in a cast 
aluminum housing, designed for maximum flexibility to enable 
it to be easily adapted to the customer's mounting require- 
ments without expensive customizing costs. It is suitable for 
either antenna or base mounting, provided that it is adequately 
cooled by heat sinking and/or cooling fins. If the application 
requires, the transmitter power amplifier section (fig. 1) may be 
located remotely from the balance of the system. Slight addi- 
tional cable losses may be encountered inthis configuration. 


Local Oscillator Section 
LO Multiplication Factors and Input Power Range (standard) 


Input LO, MHz 190 210 292 365 
Multiplication Factor 7 8 5 4 
System LO, MHz 1330 1680 1460 1460 | 
Input Power Window .......................................... eese 10 dB 
Extended power ranges are optionally available. 
VSWR (50 ohms) ............................2.........2.0::, Мах. 
(Optional, 75 ohms) ...................... — Вне 2.0:1, Max. 
Transmitter Section. 
IF Input 
Frequency Range 
System LO=1330 MHz ........... cruise 306.5-315.0 MHz 
System LO=1460 MHZ ..................... ...176.5-185.0 MHz 
System LO=1680 MHZ ........................... 35.0—43.5 MHz 
VSWR (50 ORMS) зла оона оынң 2.0:1, Max. 
(optional, 75 оһт$)........................................ 2.0:1, Max. 
Input Power Window for Any | 
IF Input Frequency Range ........................ —5 10—15 dBm 
RF Output m 
Frequency Range ........................... TM 1636.5--1645.0 MHz 
Power Output (100% duty cycle) TTE: .+42.5- 446.0 dBm' 
Power Supply Voltage ....................................... 27.0—29.0 V' 
Tolerance................................... — +0.1 V' 
Power Supply Current ......................................... 3.75—6.0 А! 
VSWR (59 ОПТ) «soror інен ыны etiain 1.5:1, Max. 
FlattfiOniGS oce eras оо изо Tea Eo RRE eR UPS Ee —60 dBc, Min. 


Note 1: See the following page. 
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Spurious Signals and Noise Density shall fall below the spec- 
trum envelope defined by the following points. 





| OMM ina4 kHz 
1535 and below 55 | 
|. 1622.5 —47 
1636.5—1645.0 —17 
1660.0 —47 
1750 and above -55 


Note 1: The customer may specify a +0.75 dB power output 
window between +42.5 and +46.0 dBm which will then occur, 
under all operating conditions, at an Hewlett-Packard speci- 
fied supply voltage between 27.0 and 29.0 Volts (+0.1 V) which 
then determines the maximum current пре, 


Transmitter Interface 


Transmit Control (Input) 
Logic signals control the RF power through the amplifier to 
suppress or activate (key) power output transmission. 
Transmit Monitor (Output) 
This signal indicates whether RF signal transmission is 
occurring. 
Thermal Alarm (Output) 
Automatically disables the power amplifier when the internal 
temperature exceeds 480? +4°C and turns it on again when 
it cools to +70° +4°C. The status from the temperature 
sensing circuit is available as an output signal. 


Load Protection 


TRANSMITTER POWER AMPLIFIER SECTION 


The unit will not be damaged by sustained operation with 
any passive load. 


Power Requirements | 


+16 VDC Power 
Regulation .................................... ————— 11.596 
975] ¢ (-] 4) оа sess, 1.1 amperes, Max. ` 
+27 to +29 VDC Power = 
Regulation .................. —Á——— Ó— € 10.3596 
ОШТӨП iioii nt аена 3.75 to 6. О amperes, Max. 
Protection 


The unit will not be damaged by reverse pony connection 
of either power supply. | | 


Environmental 


Case Temperature | 
ОБӨГӘТІП ua s a u дыны ee Eve ER Ea дын —35° to +70°С 
Non-operating ............................................ -55° to +125°С 

Relative Humidity ........................................................... 95% 

Interface 


All interface to below decks equipment is defined by EIA 
Standard RS-422. 


Welght ........................ ...16 lb., 6 oz., Typ. 


| E REQUENCY TRANSLATOR SECTION 








eA EM NK RUM. MN л з IUS KR NE gps QU 
—bw ss. zc га АЗК, Е 
| E = ПЫ X 306.5:3150 
I | ар леті | | | Limiter E : р = 
т rls ші F Bandpas 
5 | Filter 
Ф | | | L TRANSTERA АҒ PCONVERTER J 
| | А | | | | stem LO 1330, 1460, 0r 1990 Vz. | 
L __* HIGH-POWER AMPLIFIER | Е | = 202 | 
"Rc a al A | ICT TI 
| 1636.5-1645.0 MHz! SECTION Ott T = ХЕ LO input (MHz) 
Antenna | Monitor Divider | m 190, т210, 
J1 em Fr келсі 
| LO Bandpass Muliplie 
| —|— 152235 RECEIVER PREAMPLIFIER SECTION. | NL | 
ЕН | | _|rrequenev Generation |l 
| > | jm — 12910 1990.140. or 1050 | 
| 46 : | | 
| > > | > | > SL | PA » ` F. Output (MHz) 
| | | H > L^ A Ic 
em Receive | ; ° 
| | RF d H lf Lowpass ! Lowpass | 
|| — -LOWNOISEAMPLIFER _ | 2 ||) RECEIVER RF-IF DOWNCONVERTER_ | 
Ғідиге 1 | 
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Inmarsat Transceiver 
Performance Curves 
Typical Performance 
. RECEIVER GAIN u 27 RECEIVER NOISE FIGURE 14 RECEIVER INPUT VSWR 
š m ° e 
© 
3 
E 
22.0 
Е 
о 
50 = 1.3 
1525 1530 1535 1540 1545 1550 1525 1530 1535 1540 1545 1550 
Frequency, MHz Frequency, MHz Frequency, MHz 
TRANSMITTER POWER OUTPUT TRANSMITTER OUTPUT VSWR 
Е 45.0 
£ 44.5 
z 
9 44.0 
3 43.5 
д 43.0 (14 
1625 1629 1630 1635 1640 1645 1650 1625 1630 1635 1640 1645 1650 





Frequency, MHz _ Frequency, MHz 
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Inmarsat Transceiver 
Case Drawing 
1/4-28 UNF-2B 
50 + .02 
m ты DEEP (INSERT) 
10 (4 PLCS) 










6. 
1 
Г 
I- 
9.240 4 
234.69 <= 
= 
E 
ш 
Г 
к Ë 
2.39 2.513 | < 
т 91 
1.43 | _ Е өй | 
736.3 ¿2 -À 
. 19.05 
3.54 
89.9 
1.31 .33 
33.27 8.38 
_ 1 





E 
J1 =P 10.00 
RIGHT ANGLE -L 254.0 
"N" CONN = 
RECEPTICLE =Y 
UG-997A/U T 





А 


СД 





41 АМТЕММА J6 DIPLEXER TRANSMITTER INPUT NOTES (UNLESS OTHERWISE SPECIFIED): 
J2 TRANSMITTER IF INPUT J7 TRANSMITTER INPUT-FILTER OUTPUT 


N 
J3 RECEIVER IF OUTPUT J8 POWER AMP INPUT 1. DIMENSIONS ARE SPECIFIED IN 
J4 UHF LOCAL OSCILLATOR INPUT J9 UPCONVERTER OUTPUT 
55 POWER AMP OUTPUT J10 TRANSMITTER INPUT-FILTER INPUT 2 TOLERANCES:  .XX + .02 MM 


.XXX + 0.5 
3. COAXIAL CONNECTORS ARE SMA-F 
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Features ACU-64100 RM 


‚ High Linearity 

High Gain 

Low/No Maintenance 
Long Life 

Fail Soft 

C Band 


Description 


Hewlett-Packard’s C Band satellite uplink power amplifi- 
ers are designed to provide exceptionally high linearity. They 
may be used to retrofit SCPC, QPSK or other multiple carrier 
satellite uplinks now using TWTs with stringent third order 
requirements that normally preclude the use of a solid state 
amplifier. 

The ACU-64100 is a 10 watt, 6 GHz amplifier with integral 
heatsink that may be conveniently mounted for use in a wide 
range of systems applications. The ACU-64100 RM (10 watt) 
and AWP-64200 (20 watt) amplifiers are installed in standard 
19 inch rack-mountable cabinets with cooling fans that 
eliminate the need for an external thermal conduction path. 
Both versions are designed for retrofitting TWTs in existing 
applications, however they may also be used by equipment 
manufacturers whenever a high reliability, low maintenance 
unit is required. | 


ACU/AWP High Power Satellite Communications Uplink 


Guaranteed Specifications @ 25°C Case Temperature 








AM/PM Output 





Conver Gain Output Third DC 
Noise (°/dB) Variation Power Order Har- Spur- Retum Loss input 
Frequency Output Figure? Ф@ Max. 0°to+50°C Flatness Intercept monics ious Power? 
Range Gain Power! (dB) Output (dB) (dB) Point (dBc) (dBc) (watts) 
Model (GHz) (dB) (watts/dBm) Max. Typ./Max. Max. P-P (3 Tone) Max. Max. Input Output Typ. 
ACU-64100 5925-6425 45-555 10/440 10 1.5/2 t3 tp5" 48 -53 -60 18 18 1107 
ACU-64100RM^ 5.925-6.425 43-53 10/+40 10 1.5/2 +1 +.25° 48 -50 -60 18 14 125 
AWP-64101RM^ 5.925-6.425 43-53 10/+40 10 1.5/2 +1 +25? 48 -50 -60 18 14 125 
AWP-64200RM^ 5.925-6.425 45-555 20/+43° 10 1.5/2 ti % 95” 50 -53 -60 18 14 240 





Notes: 
1. @ 1 dB gain compression 
@ maximum gain 
-24 or -48 VDC; 115 or 230 VAC 
Rack-mountable, 19-inch cabinet 
10 dB adjustable input attenuator 
Peak-to-peak across any 40 MHz band at rated output power 
+15 V option available 
saturated power output 


SAP 9: 9 SS PO 
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Satellite Communications: 2E | 5.925 to 6.425 GHz 
Uplink Power Amplifiers 





Frequency Range 
Case Drawing 
ACU-64100 


C Band Uplink Power Amplifier 







Lt 
4-PIN 


8-32 UNC-2B X .200 DEEP (MIN) JONES PLUG 
(16 PLCS) 


RF RF 
INPUT OUTPUT 
CONN SMA-F 







CONN SMA-F 





` 


FUSE 
ADJUST 
1.85 . 


46.99 ” 








NOTES (UNLESS OTHERWISE SPECIFIED): 


1. DIMENSIONS ARE SPECIFIED IN. INCHES 


* 0.02 
25 

+ 0.010 
+ .25 





2. TOLERANCES: „ХХ 


XXX 
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Satellite Communications: 
Uplink Power Amplifiers 
Case Drawing 
ACU-64100RM, AWP-64200RM 


C Band Uplink Power Amplifier 
CMR-137 OR | — 16.025 


CPR-137 407.04 
. AVAILABLE 







CONN TYPE | 1625 | 
MS3102A14S-6P 41.28 








NOTES (UNLESS OTHERWISE SPECIFIED): | 
1. DIMENSIONS ARE SPECIFIED IN INCHES 


0.02 
2. TOLERANCES: .XX 7% 5 


t 0.010 
+ .25 


DIMENSION 
mam ан кан wan 
ыы E= 
ACU-64100RM | 9.815 == is |= 208.58 A de e 
AWP-64200RM | 17.430 E 7 = es 









XXX 
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ARS-64200RM System 
Rack Mountable 
Redundant C Band Uplink Power Amplifier 





Features 

• 1x1 Hot Standby Protection 
° +42 dBm Output 

е High Linearity 

e High Gain 

e Low Maintenance 

° Long Life 

Fail Soft (Individual Amplifier) 


Description 


The Hewlett-Packard Model ARS-64200RM is a redundant C- 
band uplink power amplifier assembly designed to provide 
exceptionally high linearity, combined with very low spurious 
output in the downlink band. The ARS-64200RM may be used 
to directly replace the 20-watt TWT amplifiers in most satellite 
uplink transmitters. This includes SCPC, QPSK or other mul- 
tiple-carrier systems where stringent third-order intermodula- 
tion performance requirements would have precluded the use 
of previous-generation solid-state amplifiers. 


The ARS-64200RM consists of two standard Hewlett-Packard 
AWP-64200RM 20-watt-output C-band power amplifiers and 
a separate switching unit, each supplied in a standard 19-inch 
rack panel case. All interconnecting cables provided. The 
amplifiers incorporate their own cooling fans so no external 
thermal conduction path is required. The standard rack mount- 
ing configuration means that the redundant amplifier assembly 
will easily fit into most earth terminal installations. 


The ARS-64200RM provides up to 50 dB of gain, which can, 
in some installations, permit the replacement of driver ampli- 
fiers with lower-power amplifiers which typically have better 
AM-to-PM performance. 


The ARS-64200RM amplifier assembly will normally exhibit 
less than 0.2 dB gain compression when a third 1-май carrier 
is added to an uplink already transmitting two 1-watt carriers. 
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This makes the ARS-64200RM system ideal for intermittent- 
carrier applications. 


Since the drive level available in various uplink terminals will 
vary, the AWP-64200RM amplifiers are equipped with a vari- 
able attenuator at their RF input ports to permit their gain to be 
reduced by up to 10 dB. This allows the user to optimize output 
performance without making system adjustments external to 
the amplifier assembly. Once the attenuator is set, there are 
no other scheduled service requirements. 


The Hewlett-Packard power amplifier is specifically designed 
to generate a very low level of spurious outputs in the downlink 
band—typically less than -117 dBm measured at a 4 kHz 
bandwidth within the 3.7 to 4.2 GHz band. This means that 
extremely simple RF isolation networks are all that is required 
to protect the downlink LNAs. 


Both amplifiers in the AWP-64200RM system are powered on 
at all times. The switching unit determines which of the two 
amplifiers is on-line. Amplifier or fan failure will automatically 
initiate a switch to the standby amplifier. 


The ARS-64200RM system uses independent high-efficiency 
DC-to-DC converters, which contain fewer components and 
operate at voltages no higher than 56 VDC. This directly 
contributes to higher reliability and greater personnel safety 
than with TWTA amplifiers. 


 ARS-64200RM System 
| . Rack Mountable 
Redundant C Band Uplink Power Amplifier 





ARS 64200RM Redundant Rack Mounted C Band Power Amplifier for Satellite Uplink Applications 
Guaranteed Specifications at 0? to 50°С Case Temperature 





Frequency ...................... 5.925 to 6.425 GHz VSWR IN/OUT .......................... 1.3:1/1.5:1 


Gain ..... DT III ...... 50 dB (Min.) Group Delay/40 MHz .......... 2.0 nsec peak to peak 
ME - m With Total Pour of +40 Вт: — 

Saturated Power Out ..................... 142 dBm — ОНИЕ ы mn ndi ке 

3rd Order IP ............................ +49 dBm КИНИН сүзсө — sk 
tested with 3 tones and Spurious Output ................. -60 dBc (Min.) 
total P, of +36.5 dBm | DCIDpUE nior E ER eres -24 or -48 VDC 

Gain Variation (0 to 50°С) ......... .... £3dB(Max) Power Consumption .................... 500 watts 

Power Out Flatness .......... ПОРТОС +1 dB (Max.) Noise Figure ......................... 10 dB (Max.) 








REAR VIEW 












Lo MAN мл "TIE ы 
3.450 0.5A SLOW BLOW Ө onime Ө очи ELEC ЕЕ 
87.63 || (23 Ө зтлмо sv Ө sraNo ву WT ilr | 
3425. Ө AMP FAL © ave FAL NM ; 2039. 
Ө FANFAL © FANFAL Yours. fS SELECT E 43.82 
AE NANI € 
225 | 
350 Ix: 
7.72 250 FRONT VIEW 12.70 
000 
| 13.600 
345.44 
— — 18.000 
457.20 
19. 
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ARS-64200RM System 
Rack Mountable 
Redundant с Band Uplink Power i 





Case Drawing 
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DU HEWLETT AWP-64500RM 
PACKARD Rack Mountable mM 
C Band Uplink Power Amplifier 
Features AWP-64500RM 


e High Linearity 

e High Gain 

e Low Maintenance 
e Long Life 

e Fail Soft 


Applications 


e Satellite Uplink Power Amplifier 
e TWT Replacement 


Description 


The Hewlett-Packard AWP-64500RM is a 50 watt, 6 GHz 
Amplifier which is designed to provide exceptionally high linear- 
ity. It may be used to retrofit SCPC, QPSK or other multiple 
carrier satellite uplink systems, which now use TWTs, where 
stringent third order requirements would normally preclude the 
use of solid state amps. 


These systems may utilize any number of carriers as long as the 
maximum output power of each is calculated using the total 
frequency plan and resulting intermods. 


The Hewlett-Packard amplifier is installed in a standard 19 inch 
rack mountable cabinet and includes its own fans. No external 
thermal conduction path is required and it will easily fit into a 
variety of system applications. 


The AWP-64500RM provides upto 60 dB of gain that lets users 
reduce the amount of pre-amplification in their uplink terminal. 
Users can then use lower power pre-amps which typically have 
better AM/PM performance. Additionally, the AWP-64500RM 
will normally exhibit less than 0.2 dB gain compression when a 


9 . 
Ста “УА : 








third 2 watt carrier is added to the two that are already 
transmitting. This makes it ideal for intermittent carrier applica- 
tions. 


Since the input power that is available in various potential 
retrofit systems will vary somewhat, the AWP-64500RM is 
equipped with a variable attenuator atthe RF input port to allow 
gain adjustments of up to 10 dB. Users can optimize output 
performance without making system adjustments externai to 
the amplifier. Once set, there are no other scheduled service 
requirements. 


The Hewlett-Packard PA is designed to exhibit a very low noise 
level in the C Band downlink frequency range of 3.7 to 4.2 GHz. 
Therefore, extremely simple RF isolation networks may be 
used to protect the system’s LNA. 


Тһе AWP-64500RM uses a high efficiency AC to DC converter 
containing fewer components and operating at lower voltage 
than the typical TWTA power supply. This directly contributes 
to higher reliability and greater personnel safety than the 
average tube can offer. 


AWP-64500RM – Rack Mounted C Band power amplifier for satellite uplink applications 


Specifications 

Parameter ^ —  ——  ——— —— — — — — — ———tharctsics Parameter (аа 
Frequency Range: ............................................................. 5.925 to 6.425 GHz Group Delay/40 MHZ......................................................... 2.0 ns peak-to-peak 
САШ ЛУУ О ОО О ТЛ ГК 65 dB min. With total Pour of +44 dBm: 

10 dB adjustable with built in attenuator at input AM/PM Conversion ............................................................................. 3°/dB 
Saturated Power Out: ..................................................................... + 46.5 dBm Harmonic Output ......... — —————— —53 dBc min. 
Sid Order IP КИЛТ ТОЛУГУ КО УГ Г + 53 dBm SPUNOUS OUIDUE uuu y u cé ое ено е —60 dBc min. 

tested with З tones and total Pour of +36.5 dBm AG Input иены 115 or 230 VAC 
Gain Variation (0 to 50°C):............................................................. +2 dB тах. Power CONSUIMDUON: оли un a a ыыы дЫ 600 Watts 
Power Out Flatness: ...................................................................... + 1 dB max. Noise Figure @ Max Gain .............................................................. 10 dB max. 


VSWR МОСТ „о ое ен 1.3:1/1.5:1 








AWP-64500RM 
C Band Uplink Power Amplifier 





Front View 
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Top View 





Rear View Waveguide Output BP Type NConnector /- Type N Connector | 
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TWT Retrofit: 


High Power Common Carrier 


PEE ROR Cosi cen NESS, BRIER EL ES IE coa Ws ВВЕЛИ АК ADU ONE MIU dut ен ALES TENN SRT USES TES EG SE TE CPC DEUM D DEC eRe Samer REDE 


Power Amplifier (Single Unit) 


Features 

High Reliability 

Energy Efficient 

FCC Type Accepted 

High Channel Loading Capacity 
Easy to Install 

No Maintenance Required 
Office Battery Powered 

Cost Competitive 

4,6, 7,8 and 11 GHz Bands 


Description 


Hewlett-Packard manufactures a complete line of solid state 
power amplifiers and retrofit accessory kits to replace TWTs 
and their associated power supplies in terrestrial point-to-point 
microwave radio transmitters. These full-band amplifiers are 
available with 10 watts output power at 4, 6, 7, 8 and 11 GHz. 
The 6 and 11 GHz units are available in two physical styles. 
Performance characteristics of both styles are identical. The 
single unit has the RF and DC/DC converter combined into a 
single package that is ideal for replacing the older style TWTs. 
The split unit separates the RF and DC/DC converter into two 
packages with the RF section having the same footprint as the 
high-efficiency TWT it replaces. 


Cost Effective TWT Replacement 


HP's solid state power amplifiers are a cost effective solution 
to TWT replacement. Solid state GaAs FET RF power ampli- 
fiers typically require less current than a TWT amplifier. This 
reduction in DC power consumption can increase the battery 
plant reserve time or allow additional equipment to be added 
without increasing battery capacity. Reduced power con- 
sumption can eliminate the need for increased rectifier re- 
charging capacity and larger emergency engine alternators. 
Less power dissipation means less heat is generated, thus the 
cost of air conditioning can be reduced. If obsolete power 
plants or air conditioning units are to replaced, the new ones 
can be smaller and less costly. 

TheHP amplifier is directly competitive in initial price if any part 
of the TWT amplifier needs to be changed. Retrofit accessory 
packages include all hardware, transitions and instructions 
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needed to complete an amplifier retrofit installation in about 
one hour. Retrofit amplifiers are also equipped with an input 
attenuator capable of accepting any RF input power level 
between —1 and +10 dBm, thereby permitting installation of the 
TWT replacement amplifier without requiring adjustment to 
any of the previous stages. Additionally, these amplifiers can 
be used as spares for all of the various radio types that have 
been retrofitted. 


Solid state amplifiers can dramatically reduce maintenance 
costs. All TWT amplifiers have to be realigned periodically to 
correct for aging. Older tubes need adjustment three to four 
times per year. When these tubes are replaced with the HP 
solid state amplifier, no periodic alignment is required. Once 
the power amplifier output is set by adjusting the attenuator 
and the unit is placed into service, only the required FCC 
checks must be made. Since the HP IMFET™ internally- 
matched GaAs field effect transistors, at ambient room tem- 
perature, operate at a 115°C channel temperature, the calcu- 
lated device MTBF exceeds 30 years. With this reliability, 
significant cost savings through long life can be realized. 
However, inthe unlikely event of failure of the IMFET™ device, 
the output stage is also designed to fail-soft, thus avoiding 
complete service outage. 


Transmission Improvement 


Many transmission improvements can result when traveling 
wave tube amplifiers are replaced with HP solid state power 
amplifiers. As mentioned above, the output of a TWT amplifier 
degrades between adjustments. On the day of adjustment, 





TWT Retrofit: 
High Power Common Carrier 


it will put out its rated power and gradually drop until it needs 
to be readjusted or a low output alarm comes on at about 3 dB 
below rated power. Experience has shown that the average 
output of a tube-type amplifier is 2 dB below design value 
which corresponds to a2 dB reduction in fade margin and 59% 
increase in outages. Since the output power of a solid state 
amplifier is not affected by the "sag" of cathode erosion as in 
a TWT, the transmitter is always putting out its rated power. 
This results in lower thermal noise in the receiver and a better 
fade margin, thus a quieter system with increasec availability. 


System Loading Maximization ` 


Here is an example. The 6 GHz band can support 1800-2400 
Voice circuits in its 30 MHz channels. However, a number of 
users have found that routes designed and engineered to rigid 
noise budgets will not meet noise objectives when loaded 
beyond 600-1200 circuits. Testing short sections of facilities 
(6-10 hops) may show that each section is performing exactly 
as engineered. However, when four or five sections are tested 
in tandem, it may be found that the total picowatts of noise 
measured is two to three times the sum of the noise measured 
on each of the short sections. 


Here's why. Picowatts are a measure of power; adding sec- 
tions results in power addition, that is, 10 log addition. The 
same results can be obtained by combining the dBncO read- 
ings of the shorter sections on a power ratio (again 10 log) 
basis. It is very difficult to determine the amount of 20 log 


(voltage addition) noise in aper hopor short section test, since, 
in a short section, the 20 log noise may be completely masked 
by the sources of 10 log noise. On " sections it can quickly 
become predominant. 


The most common cause of this type of noise is AM/PM 
conversion in the traveling wave tube amplifier and in the 
upconverter. TWT amplifiers normally have AM/PM conver- 
sion of 4 to 8 degrees per dB. HP solid state retrofit amplifiers 
typically perform at 1.5°/dB across the 500 MHz band. Re- 
placement of the TWT with an HP solid state low AM/PM 
amplifier will significantly reduce intermodulation noise due to 
reduced AM/PM conversion in the transmitting amplifier. With 
2 dB reduction in thermal noise by eliminating TWT output sag 
and with four to five dB improvement in intermodulation noise 
due to AM/PM reduction, it is possible to fully utilize the 1800 
to 2400 channels of system design capability. 


Driver Amp Upconverter AM/PM Relief 


Depending upon the system that you are retrofitting, you may 
also be able to remove the AM/PM problem in your upcon- 
verter. If your system normally drives the TWT at alevel higher 
than 0 dBm, you could drop the level of IF signal into the driver 
amplifier section of the upconverter such as to give 0 dBm at 
the upconverter output. Then, by using the full gain of the HP 
solid state amplifier, you can maintain a +40 dBm output. 
Dropping the level into the driver amplifier 4-10 dB should 
significantly reduce the 20 log noise component. 


AWP Serles — High Power TWT Replacement Amplitiers 
Guaranteed — @ 25°С Case Temperature 








AMPM Output 
Conver Power Output Envelope | 
| | RF | | Noise (2/98) Variation Power Delay Har- Spur- Retum Loss Input 
Frequency Input . Figure @ Max. 0°to+55°C  Flatness Distortion monics ilous (dB) — Роме" 
Range Power Gain Power" (98) Output (dB) (dB) (neec) (dBc) (dBc) Min. DC Case 
Model (GHz) (dBm) (98) (watte/dBm) Max. Typ/Max. Max. PP РР Max. Мах. InputOutput watte? Type 
AWP-42100 |. 3.7-4.2 Note 1 Note2 10/+40 10 1.53 +25 +.25* TI -53 -60 20 20 76 RJA 
AWP-64100 5.925-6.425 Note 1 Мое2 10/440 10 1.52 +25 +.255 +1? -53 60 20 20 76 RJA 
AWP-64105 5.925-6.425 Note 1 Мое2 10/+40 10° 1.52 +25 +.255 17 -53 -60 20 20 76 PHL 
AWP-64105F 5.925-6.425 Note 1 Note 14 10/440 10° 1.52 +25 +2.55 +17 -53 -60 20 20 76 CJL 
AWP-71100 6.4-7.1 Note 1 Note2 10/440 10 1.53 +25 i25" ы” -53 -60 20 20 76 RJA 
AWP-77100 7.1-7.7 Note 1 Note2 10/440 10° 1.5/3 +25 +25° +1" -53 -60 20 20 76 RJA 
AWP-83100 7.7-8.3 Note 1 Note2 10/440 10° 1.5/3 +25 +25° 41" -53 60 20 20 76 RJA 
AWP-117500 107-117 — Note 1 Note8 5/+37 10 1.53 +25 3259 М" -53 60 18 18 76 RJA 
Notes: | 
1. Accepts any input level from -1 to +10 dBm for rated output 7. Peak-to-peak across any 30 MHz band. 
power. 8. Gain adjustable from 27 to 38 dB for an output power of +37 
2. Gain adjustable from 30 to 41 dB for an output power level of dBm. | 
+40 dBm. 9. At-24 or -48 VDC. 
3. At maximum gain. 10. Peak-to-peak across any 40 MHz band at rated output power. 
4. Peak-to-peak across any 20 MHz band at +40 dBm output 11. Peak-to-peak across any 40 MHz band. 
power. | 12. Atnominal input. 
5. Peak-to-peak across any 30 MHz band at +40 dBm output 13. 1 dB compressed. 
power. | 14. 30.75 dB over +10°C to +45°С. | 
6. Peak-to-peak ac across any 20 MHz band. 15. Maximum output power variation from 0° to +50°C. 


ALL OTHER PARAMETERS THE SAME AS THE AWP 64105 EXCEPT CASE (FOR CASE REFER TO ATTACHED INSTALLATION DWG.) 
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TWT Retrofit: 
High Power Common Carrier 
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TWT Retrofit: 3.7 to 11.7 GHz 
High Power Common Carrier | | Frequency Range 





TWT RETROFIT Installation Drawing 
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-TWT Retrofit: 
. High Power Common Carrier 





Case Drawing 
PHL 





NOTES (UNLESS OTHERWISE SPECIFIED): 
1. DIMENSIONS ARE SPECIFIED iN. INCHES 
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TWT Retrofit: 
. High Power Common Carrler 





Case Drawing 
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TWT Retrofit: 
High Power Common Carrier 
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HEWLETT 


General Purpose: Narrowband Power 
PACKARD 


Amplifier and CARS Band Preamplifiers 





©. 








Features 

‚ High Reliability 

Energy Efficiency 

е FCC Type Accepted 

‚ High Channel Loading Capacity 
Easy to Install 

No Maintenance Required 

e Cost Competitive 


Narrowband General Purpose Description 


Hewlett-Packard's 4, 6, 7, 8 and 11 GHz amplifiers are cost- 
effective TWTA replacements. Their performance and reliabil- 
ity has been proven by the more than 10,000 units now in use 
throughout the world. The AWP series uses substantially less 
input power than a TWT, has more gain thus reducing AM/PM 
problems dueto the loweroutput needed from the upconverter, 
and maintains a constant output power over its calculated 
lifetime (MTBF) of 30 years. In digital systems, at lowered gain 
levels, AWP amplifiers offer less than 0.25 dB compression 
with AM/PM of less than 0.25°/dB over the entire band. 


AWP Series 3.7 to 11.7 GHz. 





CARS Band Description 


This amplifier replaces the klystron tube that is currently used 
in single-channel AML (SSB) CARS-band (*Community An- 
tenna Relay Service) transmitters for CATV distribution ap- 
plications. HP's AWP-132200 is a 3 watt linear solid state 
amplifier that operates in the frequency range of 12.7to 13.25 
GHz with typical gain at approximately 51 dB. The unit runs 
significantly cooler than the klystron tube and power supply 
combination, reducing air conditioning costs as well as mini- 
mizing maintenance on other electronic equipment, located in 
the same room as a transmitter. 


Amplifier characteristics include exceptional linearity, low 
higherorder IM distortion and low AC power consumption. This 
design offers months of continuous reliable operation without 
maintenance adjustments. 
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3.7 to 13.25 GHz General Purpose: Narrowband Power 
Frequency Range | u Е mM . Amplifier and CARS Band Preamplifiers 





AWP—MEDIUM POWER COMMERCIAL COMMUNICATIONS BAND AMPLIFIERS 

















AWP Series 
Guaranteed Specifications @ 25°С Case Temperature 
Power Output Typical 
Frequency for 1 dB Gain Gain Intercept Noise VSWR Input Power 
Responee Compression Gain Flatness Point for Figure (50 ohms) Current 
(GHz) (dBm/watts) (dB) (+98) IM Products (dB) Maximum Voltage (mA) Case 
Model Minimum Minimum Min. Max. (dBm) Max. In Out (VDC +3%) Typical Type 
AWP-42107 3.7-4.2 +25/.3 26 2 +35 10 1.2 1.2 +15 500 SPG 
AWP-42108 3.7-4.2 +32/1.5 33 2 +40 10 1.2 1.2 _ +15 1200 SPG 
AWP-42109 3.7-4.2 340/10 41 2 +47 10 1.2 1.2 +15 6000 SPG 
AWP-64107 5.925-6.425 +25/3 2 2 +34 10 12 12 +15 500 SPG 
AWP-64108 5.925-6.425 +32/1.5 33 2: +40 10 1.2 12 +15 1200 SPG 
AWP-64109 5.925-6.425 +40/10 41 2 +46 10 1.2 1.2 +15 6000 | SPG 
AWP-71107 6.425-7.125 +25/.3 26 2 +34 10 1.2 1.2 +15 500 SPG 
AWP-71108 6.425-7.125 +32/1.5 — 33 ` 2. 440 10 1.2 1.2 +15 1200 SPG 
AWP-71109 6.425-7.125 +40/10 41 2 +46 10 1.2 1.2 +15 6000 SPG 
AWP-77107 7.125-7.725 +25/.3 26 | 22 +34 10 1.2 1.2 +15 500 SPG 
AWP-77108 7.125-7.725 +32/1.5 33 2 +40 ` 10 1.2 1.2 +15 1200 SPG 
AWP-77109 7.125-7.725 «4010 — 41 2. +46 10 1.2 1.2 +15 6000 SPG 
AWP-83107 7.725-8.275 +25/.3 26 2 +34 10 1.2 1.2 +15 500 SPG 
AWP-83108 7.725-8.275 +32/1.5 33 2 +40 10 1.2 1.2 +15 1200 SPG 
AWP-83109 7.725-8.275 +40/10 41 2 +47 10 1.2 1.2 +15 6000 SPG 
AWP-117107 10.7-11.7 +25/.3 26 2 +32 10 1.2 1.2 +15 500 SPG 
AWP-117108 10.7-11.7 +32/1.5 33 2 +39 10 1.2 1.2 +15 1200 SPG 
Note: | | | 
1. Units are available with or without top and/or bottom heatsinks. 
AW—CARS BAND POWER AMPLIFIER - 
AWP Series | 
Guaranteed Specifications @ 25°С Case Temperature 
Typ. Intercept 
Pointfor | 
| Power Output Third Order 
Frequency Noise Gein Q 1 dB Gain Intermod VSWR Input Power 

Range Figure Gain Flatness Compression Products . (50 ohms) 

(GHz) (dB) (dB) (+98) (dBm) (dBm) Maximum Current (mA) Саве 
Model Minimum Maximum Min. Max. Minimum Minimum In Out Voltage Typical Type 
AWP-132200 12.7-13.15 13 47 1.5 +37 +35 1.25 1.25 105-130 VAC  140W тах AWP 
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General Purpose: Narrowband Power 
Amplifier and CARS Band Preamplifiers _ 





Case Drawing 
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Applications 


Services 


Hewlett-Packard customers are 
supported by an Applications 
Engineering Department. The 
applications engineering staff 
investigates circuit applications, 
design techniques, and device 
performance. The results of 
these investigations are pub- 
lished in Application Notes. 
These technical specialists are 
also available worldwide to 
assist customers in the use and 
selection of products contained 
in this catalog. For design 
assistance or to obtain more 
information about the services 
of the Applications Engineering 
Department, please call the HP 
office nearest you and ask for a 
Components sales engineer. 


Applications Software 


The Applications Engineering 
staff also publishes RF and 
microwave design software to 
assist the circuit designer with 
solutions to everyday engineer- 
ing problems and to simplify the 
task of selecting and using the 
best products for a specific 
circuit design. Device data 

are also made available on com- 
puter discs to evaluate device 
performance and facilitate CAD. 


Dy] РАСкАЬ 





TO ORDER LITERATURE: 

U.S. and Canada call 1-800-537-7715. 

Elsewhere in the world contact your 
local Sales Represenatative.* 





Applications software may be 
obtained without charge by 
contacting the HP office nearest 
you and asking for a Compo- 
nents sales engineer. 


RF & Microwave 
AppCAD 

Hewlett-Packard's Application 
Engineering staff has developed 
the AppCAD software program 
to assist customers in the 
selection and application of RF 
& Microwave products. 


*See Sales and Service, Section 15, of this catalog. 
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AppCAD is the software pro- 
gram that places your own, 
personal Application Engineer 
on your computer to help make 
your design job easier. 


AppCAD is a unique combina- 
tion of computerized Application 
Notes and RF design tools 
combined with an interactiue 


product selection guide that 


helps you design and analyze 
your circuit and then find just 
the right part to meet your 
specifications. 


Features like menus, on-line 
help, and pop-up windows make 
AppCAD easy to use to save you 
time. 


And, if you need more help, 
we've included a built-in request 
for technical literature, a 
sample part request for proto- 
typing, and contacts to call for 
more information. 


Contents: 

* Two-port Analysis 

* Thermal Design 

® PIN Switch Design 

* Mixer Spurious Search . 

* Transmission Lines & 
Couplers | | 

е Cascade Noise Analysis 

e Transistor Bias Circuits 

* Interactive Selection Guide 

* Request for Literature 

ө S-Parameter Data Files 

* Transistor Design Data 

e Spiral Inductor Design 

® Impedance Matching 

e Sample Request .... and more 


System requirements: IBM AT/ 
386/486 or compatible with hard 
disc & 512 K RAM; MS- 
DOS®2.0 or higher; CGA, EGA, 
or VGA color or Hercules 
compatible monochrome 
monitor. 


Not copy protected. 


MS-DOS is a registered trademark of 
Microsoft Corporation. 


(Part Number HAPP-0001) 
DesignPak™ 


The DesignPak is a comprehen- 
sive data library of s-parameter 
and noise parameter data for 
the following products: 


* Discrete GaAs FET devices 
* GaAs MMIC products 
* Discrete Bipolar Transistors 


е MODAMP™ silicon MMIC 


. gain blocks 


® MagIC™ silicon MMIC 
products | 


All s-parameters are in a 
standard *.S2P ASCII file 
format for use on most linear 
circuit simulators. (Ordering 
No. 900550) 


Applications Literature 


A library of Applications litera- 
ture is available. These publica- 
tions include a high frequency 
transistor primer series which 
provides a basic introduction to 
many microwave semiconductor 
products and a variety of 
Applications Notes detailing 
specific design examples. These 
publications are available 
without charge and may be 
obtained by contacting the HP 
office nearest you and asking for 
a Components sales engineer. 


High Frequency Transistor 
Primer Series ` 


Primer 1 Silicon Bipolar 
Electrical Characteristics 


Ordering No. 300120 


Primer 2 Noise & S- 
Parameter мнкеасиекканон 


Ordering No. 300122 


Primer 3 Thermal 
Properties 


шіл. Ко. 300124 


Primer 3A Thermal 


Resistance 
Ordering No. 300126 


Primer4 GaAs FET 
Characteristics 


Ordering No. 300128 
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General Application Notes 
AN A001 Notes on Choke 
Network Design 

Stability; Bipolar Transistor 
and GaAs FET choke networks 


Ordering No. 300300 — 


AN A002 Design of a 4 GHz 
LNA for a TVRO Earth 
Station 


Low noise amplifier бейка. 
GaAs FET active bias circuits © 


Ordering No. 300305 


AN A004R  Electrostatic 
Discharge Damage and | 
Control 

Identifying and preventing ESD 
damage 


Ordering No. 3003 10 


AN A005 Transistor Chip 
Use | 

Storage, die attach, and bonding 
for discrete transistors ` 


Ordering No. 300315 


AN A006 Mounting 
Considerations for Packaged 
Microwave Semiconductors 
Mechanical, thermal, and | 
soldering information | 


Ordering No. 300320 


AN A007 4 GHz Television 
Receive Only LNB Design 
Low noise amplifier, mixer, and 
950-1450 MHz IF amplifier | 
design ` | 


Ordering No. 300325 
AN A008 Microwave | 
Oscillator Design 


Using S-parameters to predict, 
frequency of oscillation 


Ordering No. 300330 





AN A009 Direct Broadcast 
Satellite Systems 


Ordering No. 300335 


AN 979 The Handling and 
Bonding of Beam Lead 
Devices Made Easy 

Beam Lead devices are particu- 
larly attractive for hybrid 
circuits because of their low 
parasitics and small size. The 
availability. of equipment and 
techniques specifically designed 
for their small size has facili- 
tated the handling and bonding 
of these devices. This applica- 
tion note describes some of this 
equipment and techniques, and 
outlines suggestions for the 
proper handling and bonding of 
Beam Lead devices. 


Ordering No. 5953-4435 


AN 992 Beam Lead Attach- 
ment Methods 

This application bulletin gives a 
general description of various 
methods of attaching beam lead 
components to both hard and 
soft substrates. A table sum- . 
marizes the most common 
attachment methods with. 
advantages, disadvantages, and 
equipment costs. 


Ordering No. 5953-4496 


АМ 993 Beam Lead Diode 
Bonding to Soft Substrate 
The hard gold surface on 
standard pc boards with soft 
substrate material makes it 
almost impossible to success- 
fully bond beam lead diodes 
onto the boards with normally 
recommended thermocompres- 
sion bonding. Described in this. 
application note is a new method 
of resistive spot welding or _ 
modified gap welding, which 


uses a single electrode to weld 
the beam while the conductor is 
contacted separately. This = 
method allows tight pressure to 
be used on the weld probe, 
resulting in an effective bond | 
without damaging the beam. | 
lead device. 


Ordering No. 5954-2227 


АМ 1037 Surface Mount 
Flatpack (HBIC-XXXX) 
Mounting 

This application note m 
appropriate techniques for RF 
grounding, PWB pad layout, 
and solder attachment of the © 
HBIC-XXXX series of surface 
mount flatpacks used for RF 
and High Speed Digital hybrid 
апа MMIC circuits. | 


Ordering No. 5954-2211 


Gallium Arsenide FET and 
MMIC Application Notes 

AN ATP-1054 Measurement 
and Modeling of GaAs FET 
Chips 

S-parameter measurement at 
microwave frequencies 


Ordering No. 300130 


AN G001 ATF-13136 12 GHz 
Demonstration Amplifier 

11.7 - 12.2 GHz single stage low 
noise amplifier using the "m 
13136 


Ordering No. 300470 

AN G002 ATF-10136 4 GHz 
Demonstration Amplifier | 
3.7 - 4.2 GHz single stage low 
noise amplifier using the ATF- 
10136 


Ordering No. 5091-4863E 
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АМ 6003 ны GaAs 
MMIC . 


Ordering No. 300475 


AN G004 S-Band Low Noise 
Amplifiers ATF-101 36, ATF- 
13284 

Ordering No. 300480 


AN G005 Active GaAs FET 
Mixer Using the Hewlett- 
Packard ATF-10136, ATF- 
13736, and ATF-13484 ` 
Ordering No. 5091-3744E 


AN 6006 MGA-64135 GaAs 
MMIC as a Variable Gain 
Amplifier and Operation at 
Reduced Vaa 

Ordering No. 5091-3745E | 


АМ 6007 MGS Series | 
Monolithic GaAs Switches 
Ordering No. 5091- 3746E — 


AN 1053 Designing with 
HMMC-5021, 5022, 5026, and 
9027 GaAs MMIC Amplifiers 
This note provides a technical 
overview of the subject GaAs 
MMIC Traveling Wave Ampli- 
fiers (TWA.) These amplifiers 
normally cover 2 to 22/26.5 | 
GHz, although the low end 
frequency response can be 
extended down into the kHz 
range using external compo- - 
nents. А detailed discussion of 
the variable gain control feature 
of these amplifiers аз well as. 
proper biasing and bonding is ` 
also discussed. 


Ordering No. 5091-49228 / 


AN 999 GaAs MMIC 
Assembly and Handling 
Guidelines 

Suggestions for assembly and 
handling of GaAs MMIC devices 
are discussed in this application 
note. Solder die attach is recom- 


mended. Caution is suggested. 
for epoxy die attach. 


Typical settings for thermosonic 
and thermocompression bonding 
are suggested. 


Ordering No. 5954-2141 


Schottky Diode Application: 
Notes 

AN 923. Hot Carrier Diode 
Video Detectors 

Describes the РЧЫ of 
HP Schottky barrier diodes 
intended for use in video detec- 
tor or video receiver circuits, 
and discusses some design 
features of such circuits. 


Though less sensitive than the 
heterodyne receiver, the many 
advantages of the video receiver 
make it extremely useful. The 
Schottky diode can be used to 
advantage in applications such 
as beacon, missile-guidance, 
fuse-activating, and counter- 
measure receivers, and as ` 
power-leveling and signal- 
monitoring detectors. 


Among the subjects discussed 
are the performance charac- 
teristics of video detector diodes 
— tangential sensitivity, video 
resistance, voltage sensitivity ` 
and figure of merit; how these 
characteristics affect the band- 
width of a video detector, video 
detector design considerations; 
considerations that affect . 
dynamic range; and considera- ` 
tions that vary the level at 
which burnout can occur. 


Ordering No. 5954-2079 


AN 956-1 The Criterion for 
the Tangential Sensitivity 
Measurement 

Discusses the meaning of - 
Tangential Sensitivity and a 
recommended measurement 
technique. | 


Ordering No. 5952-0423 - 


AN 956-3 Flicker Noise in 
Schottky Diodes 

Treats the subject of flicker (1/f) 
noise in Schottky diodes, 
comparing four different types. 


Ordering No. 5952-0487 


АМ 956-4 Schottky Diode 
Voltage Doubler : 
Explains how Schottky detectors 
can be combined to achieve 
higher output voltages than 
would be produced by a single 


| diode. 


Ordering No. 5952-0495 - 


AN 956-5 Dynamic Range 
Extension of рете, 
Detectors 

Discusses operation of жа types 
of detectors: the small signal 


type, also known as square-law ` 


detectors; and the large signal 
type, also known as linear or 
peak detectors. 


Techniques for raising the 
compression level are presented. 
Ап example is given illustrating 
the effect of bias current level 
on an HP 5082-2751 detector. 


Ordering No. 5952-8335 


AN 956-6 Temperature 
Dependence of Schottky 
Detector Voltage Sensitivity 
А discussion of the effects that | 
temperature changes have on 
Schottky barrier diodes. 
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Performance improves at lower 
temperatures in a predictable - 
manner. Data presented was | 
obtained using HP 5082-27 50 | 
detector diodes. | 


Ordering No. 5952-8341 


AN 963 Impedance Match- 
ing Techniques for Mixers 
and Detectors 

Presents a methodical technique 
for matching complex loads, | 
such as Schottky diodes, to а. 
transmission line. Direct appli- 
cation to broadband mixers and 
detectors is illustrated. of 


Ordering No. 5952- 0496 


AN 976 Broadband Micro- 
strip Mixer Design, the 
Butterfly Mixer | 

A microstrip mixer on RT/duroid 
substrate is designed for the | 
frequency range 8GHzto12 ` 
GHz. Hewlett-Packard Schottky 
barrier diode model 5082-2207 ` 
is used. Low impedance shunt 
transmission lines are difficult 
to realize and present a problem 
in this type of circuit. Radial - 
line stubs are used to en this. 
problem. | 


Ordering No. 5954-2126 | 


АМ 986 SquareLawand ` 
Linear Detection 

Frequency, diode capacitance, 
breakdown voltage, and load - 
resistance all have an effect on | 
the slope of a microwave detec- 
tor. At high input levels the 
linearity may be controled by 
proper tuning. 


Ordering No. 5953-4444 


AN 987 Is Bias кене 
Месеввагу? E | 
Bias current is often necessary 
to reduce the impedance of 





detector diodes to a reasonable 
level. However, when the signal 
level is high, rectified current 
may reduce the impedance 
without the need for bias cur- 
rent. Measurements with the 
5082-2755 diode are used to 
illustrate this effect. 


Ordering No. 5953-4446 


AN 988 АП Schottky Diodes 
are Zero Bias Detectors 
Diodes which are normally 
biased make excellent detectors 
when the bias is eliminated. It 
is necessary to use a load with 
an impedance comparable to the 
diode impedance. This is shown 
with a 5082-2755 diode used 
with a 3469B multimeter as the 
load. 


Ordering No. 5953-4449 


AN 991 Harmonic Mixing 
with the HSCH-5530 Series | 
Dual Diode 

The dual diode on coplanar 
waveguide forms an anti- 
parallel pair. This arrangement 
is excellent for mixers with 
subharmonic local oscillators. A 
mixer for 34 GHz was designed 
and built. Conversion loss was 
measured as a function of 
frequency and local oscillator 
power level. 


Ordering No. 5953-4492 


АМ 995 The Schottky Diode 
Mixer 

А major application of the | 
Schottky diode is the production 
of the difference frequency when 
the two frequencies are 
combined or mixed in the diode. 
Mixing efficiency is measured 
by the conversion loss, the ratio 
of signal input power to 
intermediate frequency output 


power. This application note 
studies the effect on mixing 
efficiency of diode parasitics, 
local oscillator power level, DC 
bias, barrier voltage, and local 
resistance. The advantage of 
multiple diode mixers is 


considered. Distortion products | 


are also discussed. 
Ordering No. 5954-2073 


AN 997 А 2 GHz Balanced | 
Mixer Using SOT-23 Surface 
Mount Schottky Diodes 

The HSMS-2822 is a series 
diode pair in the SOT-23 
package — ideal for use in a 
balanced mixer. The microstrip 
matching circuit consists of 
open stubs between the diodes 
and the I.F. port. | 


Ordering No. 5954-2090 


АМ 1052 A Low Cost, 
Surface Mount X-Band 
Mixer 

This note describes the design | 
and performance of a balanced 
X-Band mixer. The surface 
mount design uses low . 
capacitance, SOT-23 packaged 
Schottky diodes and is useful for 
high volume applications such 
as DBS and VSAT. 


Ordering No. 5091-4934E 


PIN Diode Application Notes 
AN 922 Application of PIN 
Diodes 

Discusses how the PIN diode 
can be applied to a variety of RF 
control circuits. Such applica- 
tions as attenuating, leveling, 
amplitude and pulse modulat- 
ing, switching, and phase . 
shifting are discussed in detail. 
Also examines some of the ` 
important properties of the PIN 
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diode and how they affect its 
application. 


Ordering No. 5954- 2147 


AN 929 Fast Switching P PIN 
Diodes 

Discusses the switching speed of 
the PIN diodes and the 
considerations which affect 
switching capability. For HP’s ` 
5082-3041/3042 fast-switching 
PIN diodes, AN 929 outlines 
basic drive requirements and ` 
comments on a few practical 
switching circuits. Consider- 
ations involved in the design of 
the filters required for use with 
the diodes are also discussed. 
For the 5082-3041, AN 929 
provides two curves: 1) typical | 
isolation vs. forward bias and 2) 
switching time vs. forward bias 
for peak reverse current asa 
parameter. | 


Ordering No. 5954-2115 | 


AN 957-1 Broadbanding the 
Shunt PIN Diode SPDT | 
Switch x 
Covers an impedance unie 
technique which improves the 
bandwidth of тәне PIN diode ` 
switches.. | 


Ordering No. 5954-2082 


AN 957-2 Reducing the 
Insertion Loss of a Shunt 
PIN Diode 

Examines a simple filter feb | 
which includes the shunt PIN ` 
diode capacitance into a low 
pass filter, thereby extending - 
the upper Tu "n. 


Ordering No. 5952-0491 


AN 957-3 Rectification ` 
Effects in PIN Attenuators 
Attenuation levels of PIN diodes 
are changed by high incident 
power. Variation in attenuation 
may be minimized by proper 
choice of bias resistance. 
Performance of a PIN diode is 
limited by both carrier level and 
frequency because of rectifica- 
tion effects. This note presents 
the effects of frequency, power 
level, and bias supply for three 
types of HP diodes: 5082-3170, 
3140, and 3141. ` 


Ordering No. 5952-8429 


АМ 971 The Beam Lead 
Mesa PIN in Shunt 
Applications 

The low RC product, fast 
switching time, and other 
unique features of the HPND- 
4050 beam lead PIN diode make 
it well-suited for. switching 
applications in the shunt config- 
uration. Switching performance, 
practical circuits, handling, and 
bonding instructions are 
included in this application 
note. | 


Ordering No. 5954-2112 


AN985 Achieve High 
Isolation in Series Applica- 
tions with the Low 
Capacitance HPND-4005 
Beam Lead PIN | 

Low capacitance is required for 
a diode to achieve high isolation 
in the series configuration. On 
the other hand, low resistance is 
needed for low insertion loss. 
This combination of characteris- 
tics in the HPND-4005 Beam. 
Lead PIN diode makes it well 
suited for series switching 
applications. The performance 
of this diode in an SPST switch 


and an SPDT switch is 
described in this application 
note. The equivalent circuits 
derived in this note would be 
useful in the design of circuits 
for switching and other signal 
control applications. 


Ordering No. 5953-4443 


АМ 1048 A High 
Performance, Low Cost PIN 


. Diode x Attenuator Using 


Surface Mount Devices 

PIN diodes have long been used 
as current controlled RF 
resistors in variable attenua- 
tors. Of the several types, (т, 
TEE and bridged TEE), the x 
offers the best frequency 
response and distortion per- 
formance. However, complicated 
bias circuits are required to 
simultaneously maintain good 
VSWR while providing variable 
attenuation. 


This note describes a new four- 
diode x attenuator with a simple 
bias circuit. This simplified 
network provides flat 
attenuation and good imped- 
ance match over the four decade 
range of 300 kHz to 3 GHz. The 
fabrication of the circuit, using 
inexpensive surface mounted 
components, is described in 
detail and measured perform- 
ance is presented. 


Ordering No. 5091-4933E 


AN 1049 A Low Distortion 
PIN Diode Switch Using 
Surface Mount Devices 

One of the practical applications 
of the surfacé mounted PIN 
diode is in the design of low 
current, low cost RF switches. | 
In the design of such circuits, 
the diode is generally treated as 
a current controlled ideal 
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resistor which is switched | 
between low resistance and high 
resistance states. | | 


However, the PIN diode has 
some important second order 
non-linear characteristics which 
can give rise to the generation | 
of harmonic and intermodula- 
tion distortion in switching 
circuits, particularly those which 
employ high RF power. À low 
distortion SPDT switch, using a 
new type of PIN diode designed 
specifically for low distortion 
performance, is described. 


Ordering No. 5091-4932Е 


АМ 1050 Low Cost, Surface 
Mount Power Limiters 

Many receivers are often at risk 
of having their front ends 
burned out by high power RF 
and microwave stray signals. 
This note presents practical 
design techniques for low cost - 
power limiters operating at . 
frequencies up to 2 GHz. Both 
circuit techniques and Surface 
Mount Device (SMD) diode 
tradeoffs are covered. Measured 
data on several different proto- 
type limiters are presented. - 


Ordering No. 5091-4931E 


АМ 1054 Low Cost | 
Frequency Multipliers Using 
Surface Mount PIN Diodes 
PIN Switching diodes with low 
values of transition time can 
multiply frequencies up to 6 
GHz similar to step recovery 
diodes. These diodes are _ 
available in the SOT-23 package 
making them ideal for low cost 
local oscillators and PLL 
frequency references. Several 
examples of surface mount 
multipliers using these PIN 
diodes are shown. 





Frequency Multiplier, Comb 
Generator, and SRD ` 
Application Notes 

АМ 918 Pulse and 
Waveform Generation with 
Step Recovery Diodes 

Step Recovery Diode character- 
istics are described for applica- 
tion to high speed (ps range) ` 
pulse and waveform generating 
circuits. Design details and | 
example circuits are presented 
for applications such as pulse 
sharpness, impulse generators, 
and square wave generators. 


Ordering No. | 5954-2080 


АМ 928 Ku-Band Step 
Recovery Multipliers | 
Discusses the use of step | 
recovery diodes in a times-eight 
single- -stage frequency multi- 
plier which, at 16 GHz, has a 
typical maximum output of 75 
mW. The note also provides . 
design modifications, together 
with references, for meeting 
other performance 
requirements. | 


Ordering No. 5954- 2107 


AN 983 Comb Generator 
Simplifies Multiplier Design 
Comb generators are often used 
with bandpass filters to form 
frequency multipliers. This note 
discusses this application for 
the particular case ofa | 
bandpass filter passing several 
frequencies i in the comb. The 
presence of the filter increases 
the power output by an amount 
related to the spacing between 
the filter and the diode., 


Ordering N 0. 5953-4441. | 


AN 984 . How to Get More 
Power from a Comb 
Generator Module with the 
Right Bias Resistance | 
This note shows how to improve 
the power output at all 
frequencies in the comb. The- 
modules do not contain a DC 
return for the bias current | 
produced by rectification in the 
step recovery diode. AN 984. - 
discusses the proper choice of  : 
bias resistor to double the power 
output compared to a ue Көкен 
circuit. 


Ordering No. 5953-4442 


AN 989 Step И : 
Diode Multiplier | | 

A straightforward technique for 
multiplier design is presented. 
The input circuit is a low pass 
filter which allows all of the 
input power to be absorbed by 
the diode and reflects harmonic 
power back to the diode. The 
output circuit is a bandpass . 
filter which offers a low loss _ 
path to the desired frequency - 
while reflecting all other . . 
harmonics back to the diode. . 
The technique is illustrated by a 
doubler to 4 GHz using Hewlett- 
Packard 5082-0805 step. 
recovery diode. 


Ordering No. 5953-4454 | | 


AN 1054 Low Cost 
Frequency Multipliers Using 
Surface Mount PIN Diodes 
PIN Switching diodes with low 
values. of transition time сап 
multiply frequencies up to 6 . 


GHz similar to step recovery | 


diodes. These diodes are 
available in the SOT-23 package 
making them ideal for low cost 
local oscillators and PLL 
frequency references. Several . 
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examples of surface mount . 
multipliers using these PIN. 


diodes are shown. 


Ordering No. 509149185. 


Silicon Transistor ЕЯ: 
Integrated Circuit | 


Application Notes ` Б 


AN S001 Basic MODAMP 
MMIC Circuit Techniques | 
Circuit layout, board selection, 
and grounding —— | 


Ordering No. 300400 ` т" 


AN 5002. MODAMP MMIC 
Nomenclature 

Overview: of MODAMP MMIC 
geometries and — лай ZEE 


Ordering No: 5091. 6490E 


AN S003. Biasing MODAMP 
ММС; . |. | 
Passive кох active MMIC 
тарына bias шш. 


Ordering No. 5091- 6489Е 


АМ S004 A А Broadband IF 
Amplifier Using MSA-0235 
and MSA-0335 

Broadband, high gain cascade 
ni ane 


Ordering. No. 3004 15 


AN S005 Using Hewlett- 
Packard MSF Series · 
Frequency Converters ` 


Self-oscillating mixers — the 
МОЕ series L 


Ordering? No. 300420 


AN S006 Using External 
Feedback to Achieve Flat 
Gain with the MSA-0885 
0.1-3 GHz flat gain amplifier | 
design using the MSA-0885 


Ordering No. 5091-5075E 


АМ 8007 Using the MSA- 
0520 and the MSA-1023 
Medium Power MODAMP 
Silicon MMIC Amplifiers 
Power amplifier circuits and 
push-pull MSA-1023 amplifier 


Ordering No. 300430 


АМ 5008 Designing with 
the MSA-9970 | 

75 ohm, ultra flat, negative gain 
slope amplifiers 


Ordering No. 300435 


AN S009 MODAMP Silicon 
MMIC Chip Use 

Die attach, bonding, and bond 
шаш for MSA series = 


Ordering No. 300440 | 


AN S010 A 5 GHz Bipolar 
Active Mixer 


IAM series Gilbert cell mixers 


Ordering No. 5091-6132Е 


AN S011 Using Silicon 
MMIC Gain Blocks as 
Transimpedance Amplifiers 
Key specifications and 
performance evaluation 


Ordering No. 300446 


AN S012 MagIC Low Noise 
Amplifiers 

The what, why, and how-to for 
INA series with a demonstra- 
tion circuit; SPICE models 


Ordering No. 300450 


АМ S013 MaglC Active 


Mixers 


The what, why, and how-to for 
IAM series active mixers 
including a demonstration 
circuit 


Ordering No. 5091-6488E 


ANSOI4 750-1250 MHz УСО 
_ Ordering No. 300453. 


АМ 8015 ITA Series Trans- 
impedance Amplifiers 


Transimpedance (TZ) amplifiers 
are a critical element in digital 


fiber optic receivers. Their role 


is to take the current output. 
from a photo diode, and convert 


. ittoa voltage. This ia 
` mote gives an overview of 


Hewlett-Packard's ITA series of 
transimpedance amplifiers for 
high speed applications (100 
Mb/s to 1.5 Gb/s). Tips on how to 


_ get optimum RF performance 


with the amplifiers is given. 
Recommended PC board layouts 
are given for ITAs in — "e 
package form. 


. Ordering No. 300455 
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АМ 1055 Clock — | 
Using Si MMICs i 

One of the functions that must 
be performed by a fiber optic 
receiver is the retiming of the 
output data stream. This clock . 
recovery function can be done 
using an active mixer (the IAM- 
81 or IAM-82 series) asa ` 
transition detector, a SAW 
filter, and a limiting amplifier ` 
(MSA, INA or IVA series). This 
application note discusses how 
these parts can be combined to 
construct a clock recovery 
circuit. 


Ordering No. 5091-4917E 


AN 1051 The IDA-07318 
Laser Diode Driver 

The IDA-07318 is a high speed 
silicon Monolithic Microwave 
Integrated Circuit (MMIC) laser 
diode driver (LDD) capable of ` 
operating at data rates up to 1.5 
Gb/s. This application note _ 
discusses how to properly drive 
the IDA-07318 and how to use 
the modulation and prebias | 
inputs on the laser driver. A 
brief overview of the theory of 
operation of the laser driver і is 
covered. 


Ordering No. 5091-4927E 





Electrostatic Discharge 
Damage and Control 


This is an abstract from 
plication Note AN-A004R: 


Electrostatic Discharge Damage 
and. Control. 


Parametric or functional failure 
of silicon or GaAs semiconduc- 
tors can occur as a result of 
electrostatic discharge. Failures 
in bipolar transistors are 
characterized by low breakdown 
voltage or high leakage current. 
FET failures are characterized 
by resistive shorts. In some 
cases, leakage current may 
increase with applied voltage 
and reduced reverse breakdown 
voltage. 


Static discharge is almost 
always associated with people, 
the types of material or clothes 
that people wear, and the 
handling equipment that comes 
into contact with the semicon- 
ductor devices. 


Recommendations for ESD 
ontrol 


А partial listing of the most 
common generators of electro- 
static charge is as follows: 


1. Work stations and areas 


a. Work benches and surface 
coverings (non-conductive) 


b. Floors (vinyl and all waxed 
surfaces) 


c. Chairs (ungrounded) 
2. Operator clothing 


a. Clean-room garments 
(synthetics) 

b. Personal clothing 
(synthetics, silk, and wool) 


3. Part and assembly packaging 
materials 


a. Polyethylene bags and 
films 


b. Polyethylene bubble pack 
and foam 


c. Plastic boxes, trays, and 
cabinets 


4. Cleaning and test areas 


a. High velocity gas flow 
temperature chambers for 


drying 


А partial list of corrective 


measures for use in neutralizing 


these generators of electrostatic 
charge is as follows: 


1. Work stations and areas 


a. Use grounded conductive 
mats and plates over non- 
conducting surfaces 


b. Ground conductive surfaces 
c. Use grounded floor mats 


d. Apply grounded conductive 
grids or nets to chairs 


e. Use electrostatic precipi- 
tators in the immediate 
work area 


2. Operator clothing 


a. Use wrist grounding strap 
(10 megohm ground) 


b. Use static-free smocks 


c. Use foot-grounded straps 
on leather soles 


d. Control of personal clo- 
thing may be necessary 





An example of Hewlett-Packard Interdigitated metallization with 
electrostatic damage. (1) Initial static damage. (2) Side effect of discharge 
resulting from damage shown in (a). 
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3. 


Part and assembly packaging 
material 

a. Use conductive bags and 
wrapping 

b. Eliminate the use of 
bubble pack 

c. Use shorting collars, rings, 
or wrappers on individual 
parts prior to installation 


4. Cleaning and test areas 


a. Eliminate high velocity gas 
flow over assemblies and 
parts 


Last, but definitely not least, 

are some common mistakes and 
problems associated with 
operator grounding. Some of 
these problems may be difficult 
to prevent if not carefully looked 
into. 


^ 


Remember to place ground 
straps back on after breaks 
and lunch before handling 

any susceptible parts. 


. Be sure that the wrist strap is 


securely attached to the wrist 
touching the skin snugly for 
adequate connection. Wrist 
straps do not work when 
attached over clothing. 


. Do not wear smocks or 


clothing made of materials 
which tend to generate high 


electrostatic potentials such 


as synthetics, wool, or silk. 


. Do not use alligator clips or 


any other kind of quick- 


_ disconnect fasteners to 


ground the operator to the 
mat, as they tend to fall off 
easily. | | 


. Do not use сач or knotted 


ground cords. 


. Do not allow wrist straps to 


become corroded or dirty from 
excessive use. They must be 
cleaned or replaced regularly. 


Mounting 
Considerations for 
Packaged Microwave . 
Semiconductors 


This is an abstract from Appli- 
cation Note AN-A006: Mounting 
Considerations for Packaged 
Microwave Semiconductors. 


This application note discusses 
how electrical, mechanical, and 
thermal connections should be 
made for packaged microwave 
devices. There are two primary 


package types: small — and | 


power. 


Small Signal Device 
Packages | 
Soldering Small signal | 
microwave semiconductor 
packages can use the 
attachment of the leads to the 
electrical traces of the circuit | 
board as the sole means of 
device mounting. Thus the lead 
attachment provides the 


mechanical, thermal, and elec- . 


trical connections to the circuit. 
The most common way of 


attaching the leads of a package 


to a circuit board is by 
soldering. 


The soldering process can 
subject devices to two different 
kinds of potentially dangerous 
stresses: electrical and thermal. 


A transistor or MMIC can suffer ` 


permanent electrical damage if 
any of its breakdown voltages 
are exceeded. This can happen 
when soldering equipment is 
not properly grounded, there- 
foreMAKE SURE ALL 


SOLDERING EQUIPMENT IS . 


AT GROUND POTENTIAL. 


Thermal damage of various 
kinds can result if any of several 
critical temperatures are 
exceeded. Extremely high ` 
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temperatures (above 425°C) will 
essentially cause new diffusions 
of the die, resulting in drastic- 
ally changed electrical perform- 
ance. Die attach temperatures 
establish a second critical tem- 
perature. Heating the package 
during soldering to above the 
die attach temperature (400°C 
for Si, 280°C for GaAs) сап 
“float” the die, and seriously 
degrade the bond to the 
substrate. The third critical 
temperature is established by 


the maximum temperature the 


package can endure without 
damaging the integrity of the 
seal. Since there are a number 


of different types of seal (glass, 
‚ epoxy, plastic, various solders) 


this temperature can vary from 
above 400?C to as low as 150?C. 


In general the temperature at 


which the seal degrades is the 
lowest critical temperature in 
the die - package system, and 
establishes the maximum tem- 
perature ratings of the device. 


Each critical temperature is 


time dependent, and has asso- 
ciated with it a certain "dwell 


time" above which damage will 
occur. | 


Because of the relatively small 


... volumes usually encountered in 


the microwave industry, hand 


soldering has been by far the 


most popular way of attaching a 
device to a circuit. Hewlett- 
Packard recommends the fol- 
lowing guideline for this 
method: HAND SOLDERING 


SHOULD BE PERFORMED AT 
250°C, IN LESS THAN 2 
SECONDS PER LEAD. Hand 
soldering is the ONLY recom- 


mended method of soldering for 


any GaAs FET devices using 


low temperature solder seals. 





Improved manufacturing tech- 
nology and the advent of several 
consumer oriented microwave 
products has raised interest in 
more automated soldering 
techniques. These include wave 
soldering, vapor phase solder- 
ing, IR reflow soldering, and. | 
LASER reflow soldering, to ` 
name just a few. Rather than © 
try to construct a recommended 
profile or each package type for 


' Temperature, С 


Temperature, С | 


each kind of soldering, Hewlett- 
Packard provides the informa- 
tion shown in Figures 1 through 
3 to help the manufacturing = 
engineer design a soldering 
profile. These curves show 
maximum recommended time 
versus temperature for the 
plastic (04, 05, 11, 84, 85, 86), 
micro-X ceramic (35, 36), and 
gold (10, 20, 23, 50, 70, 7 1) 
package families. | 
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Electrical and Thermal 
Considerations One | 
extremely important electrical 
consideration should be kept in 
mind while mounting any 
microwave device. Апу extra 
lead length becomes an ` 
additional undesired circuit 
element at microwave fre- 
quencies. This is especially 


important for ground lead 
length; seemingly small lengths 


of lead can result in deciBels of 
lost gain. In general all leads 
should mount flush with the pc 
board, with the smallest gap 
possible left between package | 
body and circuit traces. For / 
packages where the leads are 
not co-planar with the bottom of 
the package, it is better to make 
a hole in the pc board to allow | 
for flush mounting than to bend 
the devices’ leads. 


Thermal considerations involved 
in the mounting of small signal 
devices are minimal. The device 
lead attachment provides suf- 
ficient heatsinking to these 
semiconductors. The output lead 
is the primary heat path for 
bipolar transistors and 
MODAMP™ MMICs for these | 
devices the bottom of the die is 
the collector (output) meaning 
these devices tend to be die 
attached directly to the output 
trace. The ground leads are the 
primary heat path in GaAs .: 
FETs, since these devices have 
electrically isolated backsides 
and are therefore usually die 
attached directly to ground. : 
Note that this means additional 
lead length not only degrades 
electrical performance, it also | 
increases the operating temper- 
ature of a small signal device by 
increasing the case-to-ambient 
thermal resistance. 100 mils of 
lead length in free air can raise 


the case-to-ambient thermal 
resistance of a small signal 


microwave package to between . 


150°C/W to 300°C/W. In con- 
trast, properly mounted small 


signal devices should have case- | 
to-ambient thermal resistances ` 


of less than 50°C/W. 


Power Device Packages | 
Higher power devices come in 
specially designed packages 


that provide sufficient thermal 


conductivity to allow for reliable 
device operation at higher 
power dissipation levels. Pack- 
ages for devices with bottom | 
side electrical contacts (e.g. 
bipolar transistors) usually 
incorporate a Beryllium Oxide 
(BeO) ceramic substrate for 


superior thermal conductivity. . 


Devices with electrically. 
isolated backsides (e.g. GaAs 
FETs) do away with substrates 
under the die altogether, and 
mount directly to a rib of the ` 
heatsink brought up through 
the package for this purpose. 
Typically, power packages are 
much larger than are the small 
signal packages, due to the need 
for heat spreading. Thus such 
packages often incorporate some 
additional mechanical means of 
mounting beyond lead . 
attachment. 


Electrical and Thermal 
Considerations Electrical 
attachment of power packages 
is done in the same manner as 
for small signal packages: | 
through soldering of the leads. 
The same hand soldering 
guideline of 2 seconds per lead 
at 250°C applies. The graph of 
time vs. temperature for gold 
packages applies to the power 
packages as well. Mechanical - 
and thermal attachment vary. 
with the package style. The 20 


style package has an electrically 
isolated area of metallization on 
the bottom of the package. It is 
intended that this area be 
attached to the circuit heatsink, 
either by soldering, or using a 


good thermal conductive epoxy. | 


Soldering should follow the 
time-temperature guidelines of 
the “gold” packages (see Figure 
3). Although the soldering of the 
leads to the circuit board is 
sufficient for mechanical 
attachment of this package, this 
bottom connection is necessary 
for proper thermal operation. 


Most other power devices come 
in packages with flanges that 
can be bolted directly to the 
circuit heatsink. For best ther- 
mal conductivity, the bottom of 
the flange should be coated with 
a THIN layer (10 mils or so) of 
thermal conductive grease. This 
will result in the lowest possible 
case-to-ambient thermal resist- 
ance (0.,) — usually giving а. 
value less than 5?C/W. Note 
that a thick layer of thermal 
grease is almost as bad a 
thermal conductor as an air gap 
and would result in much 
higher values for 0... 
Additionally, many flange 
packages use the flange as the ` 
ground connection to the device 
(see individual data sheets for 
terminal configuration) and 
excessive grease could degrade 
this important electrical | 
contact. | 


Mechanical 

Considerations Improper 
mounting techniques, can 
mechanically damage power 
device packages. Hewlett- 
Packard suggests that the 
following methods be used when 
a power device is installed in a 
circuit. 
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When bolting a flange device | 
into the circuit, it is important 
to tighten.both bolts only until 
they are finger tight, then 
ALTERNATELY tighten until 
the flange is secured to the heat 
sink. Never tighten one bolt 
fully before inserting the second 
bolt; doing so can bow the 
package, resulting in miserable 
thermal contact or a cracked 
substrate. ` | 


It is also acceptable to solder | 
the flange of a power device to 
the heatsink. The time vs. 
temperature guidelines for 
“gold” packages should also be 
used when soldering power 
devices in “gold” metalized 
packages (see Figure 3). 


Leads of power devices should ` 
be soldered to the circuit traces 
only after the body of the device . 
has been mechanically attached 
to the circuit. When a semicon- 
ductor already soldered to а pe ` 
board is bolted to a heatsink, 
extreme vertical shear forces 
can result at the package lead 
braze, fracturing the braze joint 
where the lead meets the 
package. 


Following the above guidelines 
will help insure that your 
circuits built with Hewlett- 
Packard transistors and MMICs 
have the best possible longevity 
and reliability. | 


Transistor Chip Use 
This is an abstract from °` — 
Application Note AN-A005: 
Transistor Chip Use. 


Packaging, Shipment, and 
Storage x 
Hewlett-Packard chips are 
supplied in two inch trays that 
use an elastomer as a carrier 





medium. The chips are heldin | 


place by the surface tension of 
the elastomer. One corner of the 
tray is beveled to provide 
orientation for chip selection. 
Each chip tray is enclosed in a 
plastic box to protect the die 
during shipping. Up to 300 
chips can be contained in a tray. 


Chip carriers should be opened 
only at a clean, well-lighted 
station without fast moving air. 
А white working surface is 
recommended for best visibility. 
The chips are kept in place by 
the surface tension of the 
elastomer on which they are 
placed. Once the clamps have 
been removed, the pack should 
be set down on the surface and 
the lid removed. Then, the 


paper can slowly (to avoid static | 


electricity generation) be lifted 
off the lower half. Occasionally 
a chip may work loose from the 
surface of the elastomer and 
turn upside down. If this 
happens, the chip should be 
carefully picked up with 
tweezers, turned over, and 
placed back on the elastomer. At 
this point the die can be counted 
or visually inspected. The 
reverse of the procedure 
outlined above should be used to 
close the die carrier pack prior 
to storage or die attach 
operations. 


Die can be stored in the trays in 
which they are shipped. Die 
that will be stored for long 
periods of time (greater than 1 
to 2 weeks) should be kept in a 
dry nitrogen atmosphere for 
optimum reliability. Hewlett- 
Packard chips use a gold based 
metal system that is very 
resistant to deterioration; попе 
the less, the best practice is to 
always store die in an inert . 
atmosphere. 


Die Handling 

Normal die handling is with 
tweezers to prevent contamina- 
tion of the die attach surface. 
The brittleness of both silicon 
and GaAs makes the sharp 
edges of the chip susceptible to 
damage if too much pressure is 
applied. А good precaution is to 
use only very sharp tweezers 
with excellent point alignment 
when handling die (e.g. EREM 
type 5 SA). Inexperienced 
operators should practice with 
bonding samples, which can be 


obtained from Hewlett-Packard. 


The surface of the die is 
protected with a layer of silicon 
nitride passivation. This layer 
provides sufficient scratch 
protection to allow vacuum | 
picks to also be used for moving 
die, as long as reasonable care is 
taken in die handling. 


Die Attach 


The die attach process serves 
three functions. First, it 
mechanically attaches the die to 
the circuit substrate. Second, it 
electrically connects the output 
of the circuit to the trace on 
which the die is mounted. Third, 
it establishes the thermal path ` 
by which excess heat leaves the 
die. All three factors must be 
considered when selecting a die 
attach process. 


Different procedures are used 
for silicon chips and GaAs 


devices. To attach a silicon chip, 


the chip and mounting surface 
are heated sufficiently for the 
gold of the mounting surface to 
mix with the gold backside | 
metal on the chip and melt into 
the silicon of the chip, forming a 
gold-silicon eutectic bond. This 
technique is suitable because 
devices built on silicon can 
tolerate the relatively high tem- 
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peratures needed for eutectic 
formation without electrical 
degradation. Eutectic die attach 
yields the best thermal transfer 
and lowest contact resistance of ` 
available die attach methods. 
The temperature sensitivity of 


GaAs devices precludes the use 
of eutectic die attach; а low | 
temperature gold alloy “solder- 
down” technique is used > 
instead. In both cases the 
process should be carried out 
under an inert atmosphere 
blanket of forming gas or 
nitrogen to prevent die attach 
contamination. 


Recommended Eutectic Die 
Attach Procedure | 


1. Set the heater block temper- - 
ature to 410°C + 10°C. This 
temperature should be 
measured at the point on the 
die attach stage where Һе 
package is to be heated; often 
there is a significant differ- 
ence between the dial reading 
and the actual stage 
temperature. 


2. Place the circuit or package 
into which the chip will be 
attached on the heater block. 
Allow sufficient time for it to 
heat thoroughly — typically 5 
to 15 seconds depending on 
thermal mass. | 


3. Using tweezers or a vacuum 
collet, pick up the chip and 
orient it properly for 
placement on the mounting 
surface. 


4. Place the chip directly on the 
mounting surface (in general 
preforms are not needed for 
eutectic die attach). Scrub 
with a back-and-forth motion, 
being careful not to scratch. 
the top surface of the chip. 


Continue scrubbing until 
wetting occurs; this should : 
occur within three to four : 
scrubs. | T 


5. If dii does not occur, 
check that the heater block is 
at the correct temperature, . 
that the inert atmosphere is * 
present, and that all gold... 
surfaces are free of contami- 
nation. The inert atmosphere 
should be heated to around | 
250°C to prevent it from 

_ cooling the die to below the 
gold-silicon eutectic forming | 
temperature of 387°C. 


6. When wetting occurs, perform 
one circular scrub to insure 
wetting of the chip perimeter. 
100 flow should be visible 
around the die. Carefully | 
remove the tweezers or collet, 
from the die. 


7. Remove the circuit or package 
from the heater block and | 
allow it to cool in air. The 

_ total time for die attach 
should be less than 10 
seconds. Maintaining the die 
at the 410°C die attach. 

! temperature for longer than 

` this can lead to reduced | 

device reliability. U 


Recommended *Solder- ` 


down” Die Attach Procedure 


1. Set the heater block tempera- 
ture to 300°C + 10°C. This 
temperature should be 
measured at the point on the die 
attach stage. where the package 
is to be heated; often there is a. 
significant difference between 
the dial reading and the actual 
stage temperature. E" 


2. Plàce the circuit or r package i 


into which the die will be 
attached on the heater block. 
Allow sufficient time for it to 


heat thoroughly — typically 5 
to 15 seconds n on 
thermal mass. 


3. Pick upa gold-tin (Au-Sn) 
preform and place it on the 
circuit or package in the die 
attach location. Usea- 
sufficient quantity to insure 
good. wetting and to produce a 
fillet around the nd 


4. Using — or a vacuum 
collet, pick up the chip that is 
to be die attached and orient 
it properly for placement on 
the mounting surface. 


5. Place the chip on ће 


mounting surface and scrub 
with a back-and-forth motiori, 
being careful not to scratch 
the top surface of the chip. 
Continue scrubbing until | 
wetting occurs; this:should 
occur within three to four 
scrubs. If wetting does not 
occur, cheek that the heater 
block is at the correct 
temperature, that the inert 
atmosphere is present, and . 
that all gold surfaces are free 
of contamination. — | 


6. When wetting occurs, perform 
one circular scrub to insure 
wetting of the chip perimeter. 
10096 flow should be visible 
around the die. Carefully : 
remove the tweezers or collet 
from the die. 


7. Remove the circuit or package 
from the heater block and 
allow it to cool in air. The 
total time for die attach 
should be /ess than 10 


seconds. Maintaining the die ` 


at the 300°C die attach- 
temperature for longer than © 
this can lead to reduced 
device reliability. — 
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Wire Bonding ° 

Electrical connections to the die 
are in general made by wire — 
bonds. The output electrical | 
connection to silicon products is 
most often made through the 
die attach, but can sometimes 
also be made through a topside 
wire bond (e.g. in the case of 
MODAMP™ chips). The bond 
pad size and metal adhesion 
strength of Hewlett-Packard 
chips are compatible with either 
gold-ball bonding or wedge 
bonding. Either technique may 
be used when — chip 
assemblies. | 


кешіккені Ball | Bonding 
Procedure | 


1. If thermocompression ball 

bonding, set the heater block 

_ temperature to 300? + 10°C 
for silicon product, or to 260? 
+ 10°С for GaAs product. If 
thermosonic (ultrasonic) ball 
bonding, set the heater block 
to 150? + 10?C for either 

| silicon. or GaAs product. 


2. Use ———' (annealed) 
gold wire between 0.0007 to 
0. 001 inches in diameter. 


3. Calibrate the bond force as 
. follows: 


Wire Bond * 3 
Diameter Force MWB 
0.0007" 15-20 grams 20+2 
0.001" 20- 30 grams 25 + 2 


4. Proceed with bonding sind. | 
ing to machine specifications. 
For common (emitter, source, 
or ground) wire bonds, start 
with the ball on the circuit 
bonding surface and bond to 
the common bond pad on the 
chip, then continue (stitch . 
bond) to a second contact | 
with the circuit bonding sur- 
face. Keep both loops of this ` 
common bond low and short. 





Recommended Wedge 
Bonding Procedure | 


1. Set the heater block 
temperature to 300° + 10°C 
for silicon product or to 260° 

+ 10°C for GaAs product. 
(Note: If the wedge is heated, 
the heater block temperature 
should be lowered slightly 
from this setting. The exact 
temperature setting will need 
to be determined empirically, 
and will vary from machine ` 
to machine.) 


2. Use prestressed (annealed) 
gold wire between 0.0005 to ` 
0.001 inches in diameter. 


3. Tip bonding pressure should 
be between 15 and 20 grams 
and should not exceed 20 
grams. The footprint that the 
wedge leaves on the gold wire 
should be between 1.5 and 
2.5 wire diameters across for 
a good bond. 


4. Proceed with bonding. accord- 
ing to machine specifications. 
Bonds should be made from 
the circuit element to the 
chip bonding pads to mini- 
mize pad damage. Also, bonds 
should be made to the source 
and drain pads of a FET prior 
to making the bond to the 
gate pad, to minimize the ` 
potential or electrostatic 
discharge damage. 


Assembly and Handling 
Procedures for PIN 
Diode Chips 

1. Storage 

Devices should be stored in a 
dry nitrogen purged dessicator 
or equivalent. 


2. Cleaning 
If required, surface contamina- 
tion may be removed with 


electronic grade solvents such 
as freon (T.F. or T.M.C.), © 
acetone, deionized water, and 
methanol used singularly or in 
combinations. Typical cleaning 
times per solvent are one to 
three minutes. DI water and: 
methanol should be used (in 
that order) in the final cleans. 
Final drying can be accom- 
plished by placing the cleaned 
dice on clean filter paper and 
drying with an infrared lamp for 
5-10 minutes. Acids such as 
hydrofluoric (HF), nitric 
(HNO)j), and hydrochloric (НСІ) 
should not be used. 


The effects of cleaning methods/ 
solutions should be verified оп | 
small samples prior to submit- 
ting the entire lot. 


Following cleaning, dice should 
be either used in assembly 
(typically within a few hours) or 
stored in clean containers in a 
reducing atmosphere ora | 
vacuum chamber. . 


3. Die Attach 

a. Eutectic 

Eutectic die attach can be 
accomplished by "scrubbing" the 
die with/without a preform on 
the header to combine with the 
silicon in the die. Temperature 
is approximately 400°C, with 
heating times of 5-10 seconds. 
(Note—times and temperature 
utilized may vary depending on 
the type, composition, and heat 
capacity of the header or sub- 
strate used.) This method is — 
recommended for the HPND- 
000X series. 


b. Epoxy 

For epoxy die-attach, conductive 
silver-filled epoxies are recom- 
mended. This method can be 
used for all Hewlett-Packard 
PIN chips. 
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4. Wire Bonding 

Either ultrasonic, thermosonic 
or thermocompression bonding 
techniques can be employed. 
Suggested wire is pure gold, 0.7 
to 1.5 mil diameter. ` 


Bonding and Handling 
Procedures for Beam 
Lead Diodes | 

1. Storage 

Under normal circumstances, 
storage of beam lead diodes in 
HP supplied waffle/gel packs is 
sufficient. In particularly dusty 
orchemically hazardous 
environments, storage in an 
inert atmosphere desiccator is 
advised. | 


2. Handling 

In order to avoid damage to 
beam lead devices, particular 
care must be exercised during 
inspection, testing, and assem- 
bly. Although the beam lead 
diode is designed to have excep- 
tional lead strength, its small 
size and delicate nature requires 
that special handling tech- 
niques be observed so that the 
devices will not be mechanically 
or electrically damaged. A | 
vacuum pickup is recommended 
for picking up beam lead 
devices, particularly larger 
ones, e.g., quads. Care must be 
exercised to assure that the ` 
vacuum opening of the needle is 
sufficiently small to avoid 
passage of the device through 
the opening. А #27 tip is recom- 
mended for picking up single 
beam lead devices. A 20X mag- 
nification is needed for precise 
positioning of the tip on the 
device. Where a vacuum pickup 
is not used, a sharpened wooden 
Q-tip dipped in isopropyl alcohol 
15 very commonly used to 
handle beam lead devices. 


3. Cleaning 

For organic contamination use a 
warm (<75°С) rinse of trichloro- 
ethane followed by a cold rinse · 
in acetone and methanol. Dry 
under infrared heat lamp for 5- 


10 minutes on clean filter A n 


Freon degreaser may replace ` 
trichloroethane for light төн 
contuminataon. 


e Ultrasonic cleaning i is: not 
recommended. | 


* Acid solvents should nót be 
used. 


4. Bonding | 
Thermocompression: See 
Application Note 979 "The 
Handling and Bonding of Beam 
Lead Devices Made Easy". This 
method is good for hard sub- 
strates only. = 


Wobble: This method picks up 
the device, places it оп the 
substrate and forms a thermo- 
compression bond all in one | 
operation. This is described in 
MIL-STD-883, Method 2017, 
and is intended for Вага Ң | 
substrates only. Equipment ` 
specifically designed for beam | 
lead wobble bonding is available 
from KULICKE and SOREA? in 
Horsham, PA. E 


Resistance Welding or 
Parallel-GAP Welding: To 
make welding on soft substrates 
easier, a low pressure welding 
head is recommended. Suitable 
equipment is available from 
HUGHES, Industrial Products 
Division in Carlsbad, СА. 


Epoxy: With — бё, ions 
resistivity epoxies (available 
from ABLESTIK in Gardena, 
CA, MICON in Lexington, MA, 
and many others) and improve- 


ments in dispensing equipment, 
the quality of epoxy bonds is 
sufficient for many applications. 
Equipment is available from 
ADVANCED SEMICONDUC- 
TOR MATERIALS AMERICA, 
INC., Assembly Products Group 
in Chandler, AZ (Automatic), _ 
and WEST BOND in Orange, 
CA (Manual). 


Reflow: By preparing the 
substrate with tin or solder 
plating, reflow soldering can be 
suitably performed using a 


modified wire bonder. The probe 


is used as a soldering tip. WEST 
BOND or UNITEK bonders 
make suitable bonds. 


5. Lead Stress 

In the process of bonding a 
beam lead diode, a certain 
amount of “bugging” occurs. The 
term bugging refers to the chip 
lifting away from the substrate 
during the bonding process due 
to the deformation of the beam 
by the bonding tool. This effect 
is beneficial as it provides stress 
relief for the diode during 


thermal cycling of the substrate. . 


The coefficient of expansion of © 
some substrate materials, 
specifically soft substrates, is 
such that some bugging.is ` 
essential if the circuit is to be 
operated over wide ли 
extremes. 


Thick metal clad ground planes 
restrict the thermal expansion 
of the dielectric substrates in | 
the X-Y axis. The expansion of 
the dielectric will then be = 
mainly in the Z axis, which does 
not affect the beam lead device. 
An alternate solution to the | 
problem of dielectric ground 
plane expansion is to heat the 
substrate to the maximum = 
required operating temperature 
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| during the beam-lead attach- 


ment. Thus, the substrate is at 
maximum expansion when the 
device is bonded. Subsequent 
cooling of the substrate will 
cause bugging, similar to 
bugging in thermocompression 
bonding or epoxy bonding. 
Other methods of bugging are 
preforming the leads during 
assembly or prestressing the 
substrate. 


MODAMP"* Silicon _ 
MMIC Chip Use 


This is an abstract from 


Application Note AN-SOO9: 


MODAMP"* Silicon MMIC 
Chip Use. E 


Die Topo graphy 


- MODAMP MMICSs share a com- 


mon topology, shown in Figure 
1. Two bipolar transistors (Q1 
and Q2) are connected in 
Darlington configuration. Shunt 
(Rp) and series (Ке) resistive 
feedback are used to set both 
the gain and the impedance 
match of the structure. Resis- 
tors connecting the bases of Q1 
(Rp) and Q2 (Rbias) to ground 


_ complete the DC bias network. 


Some geometries have addi- 
tional resistors (Ко, Коо) con- 
nected to the collector of Q2 to 
allow for optional on-chip 
biasing. Figure 2 identifies 
these components on a typical | 
MODAMP chip outline drawing. 


The bond pad connected to the . 
base of Q1 is the input to the 
circuit. The bond pad connected 
to Бе, Rg, and R,;,,is the | 
amplifier’s common (or ground) 
terminal. Electrically, the ` 
output of the circuit is the 
collector of Q2. Since the MMIC 
is built with conventional | 
vertical bipolar technology, the 








COMMON 


OUTPUT 


Figure 1. MODAMP Equivalent Circuit Schematic. 


1- INPUT 
2- COMMON 
3- OPTIONAL OUTPUT 





@ 


4- +12V ON-CHIP RC 
S- +15V ON-CHIP RC 


Figure 2. Typical MODAMP Chip Outline Labeling Components and Bond 


Pads. (MSA-0100 shown as an example). 


entire bottom surface of the chip 
is a shared collector contact for 
the two transistors of the 
Darlington, and therefore serves 
as the output terminal of the 
MMIC. For convenience, a 
topside collector contact is also 
provided for designers who 
would rather wire bond the 
output connection to the chip. 
The remaining bond pads are 
bias options that are not 


normally connected in typical 
chip use. | 


Use of Optional On- 


ChipBiasResistors 


The most common way of 
biasing MODAMP MMICs is 
through a dropping resistor 
from a fixed voltage supply. The 
biasing resistor acts as a 
feedback element that stabilizes 
the DC operating point over 
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temperature. The MSA-0100 
MSA-0200, MSA-0300, MSA- 
0600, and MSA-0700 MODAMP 
geometries include optional on- 
chip resistors that can be used 
to bias the MMIC from a fixed 
voltage supply. For most 
designs, these on-chip resistors 
are left unconnected, and the 
bias is supplied through an 
external (off-chip) bias resistor. 
To make use of the on-chip bias 
option, wire bond the appro- 
priate bond pad on the MMIC to 
a circuit trace that will supply 
the appropriate voltage. The 
bond pad nearest to the RF 
input bond pad is for use with a 
nominal +12 volt supply; the 
remaining bond pad is for use 
with a nominal +15 volt supply 
(see Figure 3). 


The MSA-0600 and MSA-0700 
geometries have 3 bond pad 
options: a +5 volt pad which is 
nearest to the RF input bond 
pad, a +12 volt pad, and а +15 
volt pad which is furthest from 
the ВЕ input pad. The length of 
the bond wire is not critical. A 
long wire is, if anything, prefer- 
able as the added series induc- 
tance it provides improves the . 
effectiveness of the bias feed as 
an RF choke. The circuit will no 
longer require external bias 
resistors or chokes or biasing 
the MODAMP ММГС, although 
an external inductor in series 
with the bias resistor usually 
improves Pag and gain perform- 
ance. А bypass capacitor at the 
power supply rail is still 
recommended. | 


Several factors should be 
considered before using the on- 
chip bias resistors. First, the 
values of these resistors will 
vary from one wafer run to- 
another; the nominal tolerance 
is +15%. Hewlett-Packard does 





VIA TO GROUND 


Figure 3. Representative Bond Scheme for Use of On-chip Bias Resistor 


(+15 V option). 





VIA TO GROUND 


Figure 4. Typical One Stage MODAMP MMIC Circuit. 


not guarantee either the values 
of these resistors or the per- 
formance that will be obtained if 
they are used. Next, these 
resistors are made of poly- 
silicon, which has a tempera- 
ture coefficient of -0.08%/°C. 
Since this coefficient is 

negative, the on-chip resistors 


provide less feedback at high 
temperatures (and hence less 
bias stability) than would an 
external carbon resistor possess- 
ing a positive temperature 
coefficient. Finally, using these 
resistors creates a significant 
new on-chip heat source that 


. will raise the operating 
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temperature of the transistors 
in the MODAMP MMIC. This _ 
will decrease some aspects of RF 
performance (especially P,,,) 
and reduce the MTTF of the 
MMIC. т 


Sample Circuits 

Since MODAMP MMICs are 
matched 50 Q gain blocks, no 
special RF circuit design is 
required when using these ` 
chips. The MODAMP MMIC 
chip is die attached directly on. 
the output trace, and the input . 
connection is made by a wire ` 
bond. The ground connections 
are also made by wire bonds. 
Solid metallization should be | 
brought up on either side of the 
die to allow for stitch bonding 
on the common bond. The bond 
attach points should be con-. 
nected to the backside ground of 
the circuit through multiple 
vias. | PE 


Both input and output 
transmission lines need to be 
DC blocked; blocking capacitors 
should be of a high enough 
value to present a low series 
impedance across the frequency 
range over which the amplifier. 
will operate. Remember to 
include the effect of parasitic 
inductance when calculating 
capacitor impedance. MOS . 
capacitor die, ceramic chip 
capacitors, or gap capacitances 
in the transmission line traces 
can all be used as blocking 
capacitors. 


MODAMP MMIC chips are DC 
biased in the same manner as 

packaged MODAMP products; 

refer to the next sectionon ` ` 
Biasing MODAMP MMICs or іо 
Applications Note AN-S003:. | 
Biasing MODAMP™ ММГС$ Юг. 
more information. | - 





А sample layout for a one stage 
MODAMP MMIC amplifier is 
shown in Figure 4. This layout 
uses MOS chips for blocking © 
capacitors, ceramic chips for 
bypass capacitors, and thin film 
resistors for the bias feed. No 
additional choke inductance is- 
used. 


Conclusion | 

The simplicity and performance 
offered by MODAMP chips, 
combined with tlie reduced size 
and lower parasitics of chip- 
and-wire assembly technology, 
create microwave circuitry with 
superior performance. 


Biasing MODAMP™ 
ММС; . | 

This is an abstract from 
Application Note AN-A003: 
Biasing MODAMP MMICs. 


The bias point of the MODAMP 


MSA-Series MMIC can best be 
described by specifying the total 
device current la 


Both sud gain can be 
adjusted by varying 14. Curves 
of typical performance as a 
function of bias are shown on 
the individual MODAMP MMIC 
data sheets. | 


Bias Circuitry Options 
Once an appropriate bias point 
has been chosen, circuitry must 
be provided to ensure that the 


MODAMP MMIC operates at ` 


that bias point. To be effective, 


this circuitry must establish an - 


appropriate bias point across 


the entire operating temperature 


range the MODAMP MMIC will 
experience. The internal resis- | 
tors on the MMIC have а tem- 
perature coefficient -0.08%/°C; 
the on-chip transistors increase 
in В at a rate of +0.07%/°C. If | 


the bias current I, is to remain 
constant over a broad 
temperature range, the bias cir- 
cuitry must decrease the device 
voltage V, at higher tempera- 
tures and increase V, at lower 
temperatures. 


Three possible biasing schemes 
are described in detail below. 


Voltage Source On 
Collector The simplest bias 
scheme available is to provide a 
fixed voltage to the collector or 
output terminal of the 
MODAMP ММГС. This voltage 
can be supplied either from a 
voltage regulator or from a 
power supply. It must be 
provided through an RFC 
(Radio Frequency “Choke,” or 
high-value inductor) to keep the 
high frequency signal isolated 


from the DC circuitry. A large- | 


value capacitor (e.g. 1 uF) 
should be connected from the 
DC side of the RFC to Ground to 


provide a low impedance path to. 
any signal that does get past the 


RFC. DC blocking capacitors (or 
alternatively transformers, if 
the MSA is to be operated at 
very low frequencies or at DC) - 


must be used to isolate both the - 


input of the MSA from the drive 
source and the output of the 
MSA from the load. The entire 
circuit is shown in Figure 1. 





Because of its very narrow 
temperature operating range 
and sensitivity to V, this bias 
scheme is not.appropriate for 
most production circuits. It 


. finds its major applications in 


laboratory testing of devices 


-utilizing variable power sup- 


plies to provide the bias. With 


. this bias scheme, temperature 


variations on the order of 25°C 
will cause significant alterations 


. in performance; temperature 
variations on the order of 75°C 


can destroy devices by causing 
them to draw too much current. 
Device-to-device variations may 
also yield à MODAMP MMIC 
that draws an excessively high 
current if V, is fixed, even at 


_ room temperature. 


Collector Bias Stabilization 
Resistor The fixed collector 
voltage bias circuit described 


. &bove can be changed into a 
temperature-compensated bias 
-circuit with the addition of a 


bias stabilization resistor in the 
collector feed. This resistor acts 
as a simple feedback element. 
Аз the temperature increases, 
the MODAMP MMIC tries to 


| draw more and more current. 


Since this current is supplied 


_. through a resistor, the 
"MODAMP MMIC bias voltage 


Va decreases as I, tries to 
increase: Усс stays fixed; I, 


Сыоск 





Figure 1. Fixed Collector Voltage Bias Circuit. 
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increases with temperature 
causing the voltage drop L R. 
across Вс to increase, thus 
lowering V4 and "throttling 
back" on the bias current I,, 
Note that the amount of 
feedback is proportional to the 
voltage drop across Вс, and 
hence to the value of Rc. For 
effective compensation over 
normal operating temperature 
ranges (-25?C to +100°С), a 
voltage drop of at least 4 volts is 
recommended. 


In this circuit К, and К, form а 
resistive divider that establishes 
the bias point of the PNP bias 
transistor. R4 provides a "bleed 
path" for any excess bias cur- 
rent; it is a safety feature that 
can be omitted from minimum 
element realizations of this 
circuit. D, is also an optional 
element; its purpose is to 
provide temperature compensa- 
tion by tracking the voltage 


Active Bias Active bias 
circuitry can be used to provide 
temperature stability without 
requiring the large voltage drop 
or relatively high disputed 
power needed with a bias 
stabilization resistor. À simple 
realization using a resistively- 
biased PNP transistor as a 
current source is shown in 
Figure 3. 


Remember that Вс itself will | Vec | 
change in resistance as the | Rc | 
temperature changes. Ву — | == 
selecting a bias resistor with ап 

appropriate temperature 

coefficient the temperature | ВЕ 
compensation of this circuit can (Optional 


1 UF 


be “fine tuned.” Carbon com- 
posite resistors typically have a 
temperature coefficient of 
+0.0001%/°C, and work partic- 
ularly well as bias stabilization 
resistors. | | 


А side benefit of using a bias 
stabilization resistor is that it is 
often of high enough impedance 
that.an RFC is no longer needed 
to keep the high frequency 
signal out of the DC bias. It is 
recommended that an RFC still 
be used if the MODAMP MMIC 
is being used near saturation; 
otherwise RC appears in 


RF in 


on 


C block 


. RFour ` 


C block 


Figure 2. Collector Bias Stabilization Resistor Bias Circuit. 


Ry R2 01 








| 1. c 
parallel with the load resistance (=-—0)° — Nec 
| cm d = 
and can cause enough of a shift = m 
in load impedance to reduce | * (assumes a 1uF — 
both gain and saturated power 1 volt drop OS 
by 1to 2 dB. across Rc) 
The circuitry needed for a bias B 
stabilization resistor scheme is : 
shown in Figure 2. RFIN RFOUT 
C block C block 
Figure 3. Active Bias 
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variation with temperature of 
the emitter-to-base junction of 
the PNP bias transistor. For 
this reason, when it is included 
it is often realized using the E-B 
junction of a second PNP 
transistor identical to the bias 
transistor, connected with its 
collector-base junction shorted. 


Кє is a feedback element that 
keeps I4 constant. If the device 
current starts to increase, the 
voltage drop across Вс also 
increases, turning off the E-B 
junction of the PNP transistor, 
and hence decreasing the bias 
voltage Уз applied to the MSA. 
For best circuit operation, there 
should be at least a 0.5 to 1 volt 
drop across Rc. The PNP 
transistor is acting in the 
saturated mode with both 
junctions forward biased. The 
voltage drop needed across the 
emitter to collector junction of 
this transistor will therefore be 
equal to its Vcpsat — typically 
only several tenths of a volt. 
Thus, the total voltage differ- 
ence needed between Усс and V, 
is only about 1.3 volts for this | 
circuit, as compared to the 4 
volts or so needed by the bias 
stabilization resistor for good 
bias stability over temperature. 


A side effect ofthe PNP bias ` 
transistor operating in the 
saturated mode is that this bias 
requires some extra “charge up” 
time at turn-on and “discharge” 
time at turn-off. How much 
extra time is required will __ 
depend on the time constants of 
the PNP transistor. 


Systems requiring wide 
dynamic range operation or 
AGC (automatic gain control) 
often require that the MSAs 
operate at variable operating 
points. If R, is made variable 


this bias scheme will work well 
for such applications. 


Measurements 


The data on the devices 
presented in this catalog were 
taken by measurements 
performed in 50 ohm test 
fixtures. These measurements ` 
may be divided into four basic 
groups: S-parameters, noise 
parameters, power parameters 
and thermal parameters. Except 
for power parameters, these 
subjects are covered in detail in 
the Hewlett-Packard Transistor 
Primer Series. The following are 
brief summaries of the topics. 


S-Parameters 

Scattering parameters are a 
group of measurements taken at 
different frequencies which 
represent the forward and 
reverse gain, and the input and 


output reflection coefficients of a | 


microwave component when the 
input and output ports of the 
component are terminated in 
equal impedances — usually 50 
ohms. Some pertinent 


definitions are as follows: 


Magnitude-The length of the 
vector in the polar plane. 


Angle-The direction of the 
vector in the polar plane. 


dB-10 log, (Power Magnitude) 
or 20 log), (Voltage 
Magnitude) 





DEVICE 


Figure 1. Two Port S-Parameters ` 
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9S1,—9-parameter input reflec- 
tion coefficient — Expresses 
the magnitude and phase of 
the input reflection coeffi- 
cient with the input and 
output ports terminated in a 
pure resistance of 50 ohms. 


3›1-Э-рагатеег forward trans- 
fer coefficient — Expresses 
the forward voltage gain 
magnitude and phase 
measured with the input: | 
and output ports terminated 
in a pure resistance of 50 
ohms. | . 


5і:-9-рататетет reverse trans- 
fer coefficient - Expresses | 
the reverse voltage gain | 
(sometimes called isolation) 

. magnitude and phase, ` 
measured with the input 
and output ports terminated 
in a pure resistance of 50 
ohms. 


9S25—9-parameter output reflec- 
tion coefficient — Expresses 
the magnitude and phase of 
the output reflection. 
coefficient with the input | 
and output ports terminated 
in a pure resistance of 50. 
ohms. 


Stability factor, given by 

1+ 1IDI*— 15,12 — 16.12 
21841181000 

where D = Sy, 855 — S4 S, 


К = 


de 


If > land IDI <1then the 
two-port that k describes is 
unconditionally stable for all 
terminations with non-negative 
resistance. If k « 1 some termi- 
nations exist which will cause 
the two-port to oscillate. 


The utility of S-parameters as a 
complete description of a 
device's small signal (linear) 
performance has been generally 
accepted by the microwave 
industry. S-parameters are pre- 
ferred over other 2-port param- 
eters (Z, Y, H, etc.) as a means 
of characterization because they 
are easier to measure: the 
terminations required usually 
result in stable device opera- 
tion, and commercial equipment 
designed specifically for S- 
parameter measurement 1$ 
readily available. None the less, 
accurate S-parameter device 
characterization is difficult to 
obtain for a number of reasons. 


Since a device's performance 
characteristics are a function of 
both its bias point and its oper- 
ating temperature, it follows 
that the S-parameter descrip- 
tion used to describe the 
device's behavior should also 
vary with bias point and 
temperature. For this reason, 
both the bias and the 
temperature need to be 
specified. In general, Hewlett- 
Packard provides S-parameters 
measured at the recommended 
operating bias and at +25°С 
ambient temperature. In cases 
where operation at different 
bias levels might be appropri- 
ate, more than one description 
is generally given. 


For a number of reasons, S- 
parameters will vary from 
device to device. The major 
reasons are process variations, 


material inconsistencies and 
assembly irregularities. А 
normal distribution of S- 
parameters is approximately 
+10%. Hewlett-Packard pub- 
lishes data which is represen- 
tative of a "typical" unit. This 
data is based on the measure- 
ment of many devices taken 
from different wafers and 
several process lots. 


The actual measurement of the 
device is made in a test fixture 
using an HP8510 Network 
Analyzer. The style of the 
fixture will greatly influence the 
measurement. To achieve the 
best results, the device should 
be measured in the medium in 
which it will be used. Since the 
majority of Hewlett-Packard's 
customers design in microstrip, 
this is the style of fixture that is 
currently being used to charac- 
terize the devices. Such a 


Figure 2. Typical 50 Ohm Test Fixture 
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fixture is shown in Figure 2 
where the device is mounted 
between two 50 ohm microstrip 
substrates which are sand- 
wiched between two 50 ohm 
connector assemblies. Note that 
this fixture features excellent 
grounding and may have a 
shorter ground path than does a 
production circuit. The designer 
may wish to add some common 
lead inductance to the published 
S-parameters to compensate for 
this effect. 


If the S-parameters that are 
published are to be repeated, 
the conditions under which they 
are taken must be duplicated as 
closely as possible. Measure- 
ments should be taken on the 
Inter-continental Microwave 
fixture (from the 1000 series or 
2000 series) that Hewlett- 
Packard is currently using and 
measurements should be made 





on a HP8510 Network Analyzer. 
The device should be biased at 
the same bias as specified in the 
catalog, and the same method of 
correcting for the effects of the 
test fixture must be applied. 


The simplest method for 
correcting is the reference plane 
extension (rpe) technique. 
Hewlett-Packard uses this 
method to characterize its 
silicon products up to 6 GHz. 
This method assumes a lossless, 
reflectionless, dispersionless 
fixture with the input and out- 
put having identical properties. 
The measured S-parameters are 
simply corrected mathematically 
by the software to account for 
the electrical length of the 
fixture. This electrical length 
can be determined by either 
measuring the distance to an 
open circuit or 1/2 the distance 
of a "through" line. 


А more accurate method of 
correction is to de-embed the 
data. This is accomplished by 
characterizing the fixture and 
then subtracting its effects from 
the measured S-parameters. 





Though generally more time 
consuming than the reference 
plane extension methods, this 
technique must be used to 
obtain accurate S-parameters 
above 8 GHz. 


Hewlett-Packard uses the 
"through-delay" method of de- 
embedding S-parameters for 
GaAs devices. The "through" is 
a 50 ohm microstrip transmis- 
sion line with an electrical 
length equal to the sum of the 
input and output substrates 
used in the fixture. The “delay” 
is a transmission line similar to 
the "through" with a 50 mil 
longer physical length. Since 
this technique compares elec- 
trical lengths it is inaccurate at 
frequencies where the "through" 
and the "delay" are essentially 
the same length (below 1 GHz). 
For further explanation of this 
technique refer to the Hewlett- 
Packard Application Note 
Measurement and Modeling of 
GaAs FET Chips. 


Since the unpackaged die are 
mounted on chip carriers (see 
Figure 3) in order to measure 


Figure 3. Test Carrier Used to Characterize Unpackaged GaAs FET Chips. 


13-24 


their S-parameters, it is impos- 
sible to 100% test this kind of 
device before shipping. Instead, 
S-parameters are measured on 
a sample of devices at the wafer 
qualification step. The chip S- 
parameters that Hewlett- 
Packard lists in this catalog are 
based on chip carrier measure- 
ments, and include the 
inductances associated with the 
bond wires (about 0.5 nH gate 
and drain bond and 0.15 nH 
source bond for a FET and 
about 0.5 nH base bond and 0.2 
nH emitter bond for a bipolar 
device). 


Noise Parameters 

The noise performance of a 
transistor can be described by 
four noise-parameters in the 
noise figure equation: 


R 
Е = Fyn + — | Va – Ўорт 12 
Gc 


where: 


Fm is the minimum transistor 
noise figure 


Ry 15 the noise resistance in 
ohms 


Yopr = Сорт + jBopr is the 
required generator 
admittance at the input port 
for minimum noise figure 


Yop = Gep + jBep is the 
generator admittance at the 
input port 


Yo - Yopr 
Yo - Торт 


generator reflection coeffi- 
cient corresponding to Yopr 


Горт = is the 


These parameters are measured 
in a 50 ohm system with a low 


loss tuner at the input and 
output ports. The transistor is 
biased for minimum noise, the 
output tuner set for maximum 
gain and the input tuner set for 
minimum noise figure. The 
measurement of Fu must 
include a correction for the 
tuner loss, as well as for second 
stage noise correction.!!! The 
input tuner is later measured 
for the Сорт noise parameter, 
which is referred to the | 
transistor input reference plane 
by translating the reflection 
coefficient by and equivalent 


circuit model of the test fixture. | 


The parameter Ry; is deter- 
mined by measuring the 50 ohm 
noise figure: 


Fro = FMIN + 50Rx 10.02 — Yop1l? 


_ Fgo - Емін 
TE lv ЗА 
5010.02 — Үсргі2 


This data is further verified by 
measuring F at several other 
tuner settings which are later © 
measured for Го or Үс. As an 
additional check on the noise 
data, an internal device model- 


ing program (АМСАР) is used to- 


generate the theoretical noise 
parameters from the small- 
signal equivalent circuit. This 
simulation can also be used to 
generate noise parameters at 
other frequencies. | 


By plotting the noise figure 
circles in the Ig plane, the 
accuracy of both S-parameter 
and noise-parameter data can 
be verified. Figures 4 and 5 
show these circles for four ` 
Hewlett-Packard low noise 
devices, AT-41435, АТ-60535, 
ATF-10136 and ATF-13136 at 
appropriate frequencies when 
biased for best noise figure in a 
50 ohm system. 


Power Parameters 

The power characteristics of 
devices in this catalog consist 
primarily of two parameters: 
Р,ав and Gag. Piap is the device 
output power at one dB gain 
compression. С; ав is the one dB 
compressed gain. | 


Power measurements were 
made using Class A bias points. 
This kind of operation gives best 


linearity, and is typical of device | 


use. In general Р, ав can be 
improved by increasing bias 
current though tradeoffs with 
МТТЕ, noise figure, IP}, or other 
parameters may be involved. 
Improved efficiency can be 
obtained with the discrete 
devices by operating them 

Class C. 


All silicon product power 
measurements were made in 

50 ohm coaxial test fixtures. 
Bias was provided through HP 
bias tees. Separate collector and 
base supplies were used to bias 


. the discrete devices; MODAMP 


MMICs were biased from a 
power supply through an appro- 
priate dropping resistor: in all 
cases the bias point was set to 
the catalog value of Ic or Ip 
under DC (no signal) conditions, 
and not subsequently adjusted 


during measurements. Note 


that some amount of current . 
pulling can occur at Р\ав using 
these bias schemes. 


Power measurements for small 
signal and unmatched power 
GaAs FETs and GaAs MMICs 
were made in 50 ohm coaxial 
test fixtures. Bias was provided 
through HP bias tees. Each 
device was biased to the catalog 
value of Vy, and Ip under DC 
(no signal) conditions. Small 
signal devices were tested using 
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separate drain and gate supplies 
with a common ground point 
and active feedback via an 
operational amplifier to prevent 
current pulling. Discrete power 
devices used separate supplies 
with no feedback, allowing some 
amount of current pulling at 


Рав. | 


Tuners were used to present the 
correct large signal impedances 
to discrete and unmatched 
GaAs MMIC devices to obtain 

P ap and С, ав. Both tuners were 
adjusted to obtain maximum 
output power with the device 
set at the catalog nominal value 


| (Р, ар = Gap). The input drive 


level was then decreased by 

10 dB, and the nominal small 
signal gain was measured. 
(Measurements for Silicon 
MODAMP MMICs did not use 
tuners, as these devices are 
already matched for operation 
in a 50 ohm system.) The input 


drive level was then increased 


until the measured gain had 
decreased by one dB from the 
nominal small-signal value. 
This gain value was recorded as 
Gag. The power level at which 
this gain was measured was 
recorded аз Р, gp. 


For best power performance, 
discrete devices must be 


. matched to the appropriate 


large signal impedances Гер (at 
the input) and Гр (at the load). 
These impedances are 
frequency, bias, and power level 
dependent. They are best 
obtained by direct measurement 
of the tuners used in the Р, ав 
setup described above, translat- 
ing the measured tuner 


lEric W. Strid, “Measurement of Losses 
in Noise-Matching Networks” IEEE 
Transactions on MTT, Vol. MTT-29, 
March 1981, pp 247-252. | 








ATF-10136: f = 4 GHz, Vps = 2 V, Ips = 20 mA 


ATF-10136: f = 2 GHz, Vps = 2 V, Ips = 20 mA 








ATF-13136:f2 12 GHz, Vps = 3 М, 108 = 20 тА ` 


ATF-13136: f = 8 GHz, Vps = 3 V, Ips = 20 mA 


—— Noise Circles; — — — — — — —Сат Circles 





impedance back to the reference 
plane of the device. For bipolar 
devices, if measured large signal 
impedances are not available - 
Tcp and Гір may be estimated as 
follows. | | 


Гер is approximately equal to 
S1*. Пр сап Бе obtained from 
the simple output model shown 
in Figure 6. This figure shows 
an equivalent circuit for the 
output of the transistor; this 
impedance should be matched to 
the system impedance (usually 
50 Q). For this model R is given 
by (0.9 Усе) 2/(8Pourn) for Class 
A operation where Vo, is the 
device collector to emitter volt- 
age and Poor is the desired out- 
put power. C is approximately 
1.5 Cop (Cop measured at Ус/2 is 
a slightly better determination). 
L depends on package style and 
is about 1 nH for microstripline 
packages and about 1.5 nH for 
larger power packages.'?! 






с -—— 
DEVICE 
C OUTPUT 
| MODEL 


Figure 6. Large-Signal Load Model. 


Thermal Resistance 


Although a simple concept, the 
thermal resistance of a device is 
a complicated parameter that 
can be defined in several ways. 
It will vary with the operating 
temperature of the device being 
measured, the way in which the 
junction and case temperatures 
are specified, the bias point at 
which the device is operating, 
the presence or absence of an 
AC input signal to the device, 
and the environment. 


Hewlett-Packard uses the 
following simple formula to 


_ define thermal resistance 0;.: 


delta Усс, but have the draw- 
back of providing an average as 


opposed to maximum junction 


temperature. Hewlett-Packard 


Ө; = [Tj = Tc] / Рт 


In this equation, T; is the 
hottest junction or channel 
temperature on the device being. 


measured. Тс is the case | 
temperature if the device is a 
packaged component, or the 
temperature of the surface on 
which the device is mounted for 
an unpackaged die. Pris the 
total power dissipated in the 
device, and is equal to the DC 
and RF power into the device 
minus the RF power out of the 
device. 


There is also a thermal resis- 
tance 0,, that characterizes the 
heat transfer between the case 
of the device and the ambient 
environment. Since this number 
depends at least as heavily on 
how the device is mounted, the 
surface (heatsink) it is mounted 
on, air flow and near-by heat 
sources as it does on the device 
itself, values for 0., are not 
included in this catalog. 


A variety of measurement 
techniques exist for determining 
values for Ө; Hewlett-Packard's 
preferred method is the liquid 
crystal technique'!, as it has the 
required 1 to 2 um resolution = 
needed for measuring the small 
device structures found in 
microwave devices. Although 
not used for any product in this 
catalog, infrared (IR) methods 
can be used in applications that 
do not require resolution below 
about 15 jum. 


Several electrical methods also 
exist that rely on the measure- 
ment of a thermally sensitive 

parameter such as delta Уве or 
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uses an electrical method"! to 
determine the thermal resis- 
tance of plastic encapsulated 


_ transistors, which cannot be 


measured with methods requir- 
ing visual inspection of the die. 
The thermal resistance of 
plastic encapsulated MMICs is 
arrived at by combining = 
separate determinations of die 
thermal resistance and package 
heat transfer characteristics. 


In the liquid crystal method, the 


package lid is removed and the 
die surface is coated with a 
nematic liquid crystal layer. The 
active junction area is observed 
through a microscope having 
crossed linear polarizers in the 
incident and reflected light 
paths. Because of the change in 


_ optical properties at its melting 


point Ty, (nematic to isotropic 
transition), the liquid crystal 
regions of the die that are above 
and below the melting point can 
be visually identified. The 
device is biased and heated 


until the specified area exceeds 
the transition temperature and 


the thermal resistance is calcu- 


. lated from the measured Тул, 


Tc, and P4. Gallium Arsenide 0 
products are measured ata 
channel temperature of 150°C. 
Silicon products are measured 
at a junction temperature of 


4100?C. The Ө. values in this 


27 William Mueller, “Linear Amplifier 
Design — some General Considerations," 
RF Design, March 1980, pp. 37-41. 

BIK. J. Negus, В. W. Franklin, M. M. 
Yovanovich, "Thermal Modeling and 
Experimental Techniques for Microwave 
Bipolar Devices," IEEE Semiconductor 
Thermal and Temperature Measure- 
ment Symposium, Feb. 7-9, 1989, pp. 
63-72. ROC | B 


data book for silicon products 
are specified at a case tempera- 
ture of +25°С; a mathematical 
conversion is performed using a 
modell?! based on the tempera- 
ture dependent thermal 
resistance of the silicon die. 


The case temperature Тс 15 
determined by direct measure- 
ment with a small thermo- 
couple. For devices in small 
signal packages with straight 
leads, the thermocouple is 
mounted as near as possible to 
the body of the case on the lead 
with the highest thermal 
conductivity path to the die. For 
plastic surface mount packages 
with gull wing leads, the ` 
thermocouple is mounted to the 
bottom of the lead. This is the 
collector lead for silicon bipolar 
transistors, the output lead for 
MSA-series silicon MMICs and 
the ground lead for all other 
silicon MMICs and GaAs 
devices. 


For hermetic surface mount 
packages with gull wing leads, 


the thermocouple is mounted to ` 


the bottom of the package. In 
power packages, the thermo- 
couple is mounted on the flange 
(230 mil flange package) or on 
the bottom (200 mil BeO ` 
package) of the ВеО disc. To ` 
determine the thermal resis- 
tance of an unpackaged die, the 
device is either mounted in a 
package with excellent thermal 
transfer properties (e.g. the 230 
mil flange package), or on a 
ceramic die carrier. 


For additional information on 
thermal resistance theory and 
measurements, contact Hewlett- 
Packard for available 
applications notes.9.7! 


Device Modeling 
Hewlett-Packard makes use of 
computer models to design high 
frequency transistors and to 
predict their performance in 


. various applications. Both 


linear and non-linear models 
are used. Linear models apply 
at one specific set of (non- 
changing) bias and temperature 
conditions, and simulate small 
signal performance in the 
frequency domain. Non-linear 
models add the capability of 
predicting performance changes 
as a function of temperature or 
bias, and also allow for analysis 


of transient behavior. These 


models work in the time 
domain, and require much more 
data and computational time 
than do linear models. 


Bipolar Models 


- Both linear and non-linear 


models are available for 
Hewlett-Packard’s bipolar based 
products. The two kinds of 
models have the same basic 


_ form. Each starts with the 


intrinsic transistor function. 
The non-linear model is a 
SPICE simulation, and uses 


. that program's intrinsic 


transistor model (Q in the 
accompanying schematics). The 
linear model uses a current 
controlled current source a, the 
intrinsic emitter resistance R, 
and the intrinsic emitter 
capacitance C. The current 
generator a is described by the 
equation 


a = [о exp Cj2nfTC)] / [1 + j Ы. 


_ Qo is given by (В — 1)/B where В 


is the DC current gain of the 
transistor; for Hewlett- 
Packard's bipolar process a 
typical value for a is 0.99 
(corresponding to a DC В of 
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100). The frequency roll-off of 
the current generator can be 
calculated from the base transit 
time; for this process this 
number is 7 psec, corresponding 
to a corner frequency f, of 

22.7 GHz. The time delay 
associated with the current 
generator (Tc) comes from the 
collector delay, and is a function 
of bias; values for Тс are ` 
included in the tables that 
follow. The intrinsic emitter 
resistance can be calculated 
from the bias аз В = 26/(Ig in 
тА). The intrinsic emitter 
capacitance is proportional to 
area, and can be approximated 
by multiplying the SPICE 4 for 
Q in the tables that follow by 

0. 005 pF. 


A байынан line structure of 
resistors (Кр), Вво, Ввз) and 
capacitors (Сул, Сро, Cpa) is 
added to the basic transistor to 
simulate the significant elec- 
trical length of the base region 
at microwave frequencies. By 
using a diode model (similar to 
a varactor model) rather than a 
fixed capacitor in this “distri- 
buted base" description, the 
non-linear model obtains the 
capability of simulating the ` 
variation in base capacitance as 
a function of bias voltage. Both 
models then ad d collector and | 
emitter contact resistances (Вс: 
апа Ке). Both versions ofthe ` 
power device model have an 
additional emitter ballast 
resistor (Кы), and a dynamic 
output capacitance (Су). 


“ыа, pg 65. 

[Slibid, pg 67. 1 | 
6IETewlett-Packard Transistor Primer 
III (Thermal Properties), рене zu 
ATP-1040. 

UJHewlett-Packard Transistor Primer . 
III-A (Thermal Resistance), publication 
ATP-1072. 





All models are completed by 
adding the bond pad capaci- 
tances (Cg and Ср). 


А schematic showing the SPICE 
equivalent circuit used to model 
the discrete bipolar transistors 
is given in Figure 1. Figure 2 
shows the linear model equiva- 
lent circuit. Table 1 lists the ` 
values of the circuit elements 
for the linear model at both low 
noise and power biases and for | 
the non-linear SPICE model. 


МОПАМРТМ silicon MMICs . 
consist of two bipolar transis- 
tors in a Darlington connection, 
embedded in a network of 
resistors to provide both 
feedback and DC bias. Models 
for these devices consist of two 
active device models (Ө, and | 
02), values for the feedback · 
resistors (Ке and Rp), values for 
the bias resistors (Rg and Ку), 
and the parasitic capacitors 
(Сы, Ср», Съз, and Ср) associ- 
ated with the structure. Note 
that no Cg or Cg elements exist 
in the device simulations 
incorporated in the MODAMP 
device models as the bond pad 
capacitances are included at the 
MMIC level. The interconnec- 
tion for these elements is shown 
schematically in Figure 3. Some 
MODAMPSs (the MSA-05XX, 
MSA-09XX, MSA-10XX, and 


MSA-11XX) require DC blocking 


capacitors in series with the 
shunt feedback resistor to pre- 
vent excess power dissipation on 
the chip. А schematic for this 
kind of MODAMP is shown in 
Figure 4. Tables 2 and 3 give 
the value of the model elements 
of both kinds of MODAMPs. 


The SPICE simulations require 
a set of SPICE parameters, | 
which are included in Table 4. 


COLLECTOR 


Rc 





== СЕ 





EMITTER ` 
Соз, Сог, Соз use a diode model to represent voltage vari- 
able capacitance in the base. | 


Both diode and transistor models are ds per unit area; the 
number of such unit areas needed is given (in parenthesis) i i 
Table 1. | 


Rbal (ballast resistance) and Cpa (voltage variable output ca- 
pacitance) appear only in the model for power devices. 


Figure 1. Discrete Transistor SPICE Equivalent Circuit. 
COLLECTOR 


Rc 


BASE Re: RB2 Наз | | | | - CE x 
ef М 
RE 
Rbal 
EMITTER 


Cp1, Сог, Соз represent the base capacitance at a specific 
collector voltage (typ. 8 V). | 


For TOUCHSTONE™ aisa CCCS, where M = 999; Ax 0; 
R1 = Rin Table 1; 

H2 = 1Е8; F = 22.7; TE Tc in Table 1. Note that R and T are 
bias dependant. 


Figure 2. Discrete Transistor Linear Model Equivalent Circuit. 
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| O OUT 
I ТІТ 1 I 
4% 
INC | 
№ | | 





Note that Qı and Q2 are active devices, and each repre- 
sents a discrete transistor simulation of the kind described 
above. Either linear or non-linear simulation may be used. 


Figure 3. MODAMP MMIC Equivalent Circuit. 


RF Bond OUT 
Wire 
CF 
Rpc Cp2 | Cp3 





Elements shown in dashed lines are off-chip components. 


Figure 4. Equivalent Circuit for MODAMP MMICs with DC Blocking 
Capacitor in Feedback Path. 


Since the same fabrication 
process is used for the bipolar 
products described here, one 
basic set of parameters can be 
used in the models. Changes in 
epi material between the dis- 
crete transistors, the MODAMP 
MMICs, and the power devices 
do, however, result in changes 
in the parameters BF, VA, TF, 


and PTF for these three groups 
of devices. To facilitate the use 
of a "process description" set of 
parameters, a "unit transistor" 
is defined for each kind of device 
(QMSA for MODAMP MMICs, a 
QDIS for discretes, QPWR for 
power devices). Individual 
device models are then 
constructed using an appropri- 
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ate number of these unit blocks. 
The non-linear base capaci- | 
tances are built up from a “unit 
diode" model (DMOD) in a 
similar fashion. The number in 
parenthesis in the columns 
labeled Q, Ср, Ст, Сүз, апа 
Cp4 in Tables 2 and 3 аге the 
number of unit transistors or 
unit diodes needed in the 


completed SPICE model. 


All of the above models are chip 
level models. To complete device 
simulations, appropriate 
package models must be added. 
The bond wires that connect the 
device chip to the package (or 
substrate in the case of chip 
use) must also be simulated, as 
they are NOT included in the 
above chip models. | 


The standard Hewlett-Packard 
package model treats the leads 
and internal metallization as 
transmission lines (T,, Т, апа 
T3). Coupling capacitances 
between the device terminals is 
included (Сен, Свс, Cro), as are 
the emitter and base bond wires 
(Lg and Lg). As the bottom 
(collector) of the transistor chip 
is typically die attached directly 
to the output lead metallization, 
there is usually no collector 
bond wire in the simulation. 
The package model is completed 
by adding small amounts of 
series inductance (L,, Ls, L4) to 
each device terminal, to 
simulate the short lengths of 
lead that occur between circuit 
and device package. The 
completed package model is 
shown schematically in Figure . 
5. Values for model elements 
are given in Table 5. The same 
package models are used for 
both linear and non-linear 
simulations. 





The style 23 package used for ages. It can also incorporate an package is shown in Figure 6. 


power devices has a different input matching capacitor (Суу). The associated values shown 
topology from the other pack- | The equivalent circuit for this | are for the AT-64023 device. 
= | | 





IN | | | OUT 
| COLLECTOR Ó- 
L1 









BASE 
EMITTER 


CEB 
LE 


Transmission line segments are characterized by: 


characteristic impedance Z in Table 5 
physical length in mils | | in Table 5 
effective dielectric constant k in Table 5 
attenuation in dB per unit length А 2.001 


scaling frequency for attenuation F =1 GHz | 


Figure 5. Bipolar Translstor Package Model Equivalent Circuit. 


Свс 


OUT 


р $ E Te 


CBE CGAP — CEC — 
| | Lr 1 | | 


Тв: 70-400 1-80тів: k-10 А=.001 F-1 1с: L=4nH D mE | 
Lei: L=.35 nH B s | Тс: 20-400 L=80mils К-10 A=.001 Fal 
См: С=З.ОрЕ 1 | I Е Cec: C=.03 pF m | 

Lez: L-2nH  .. | ü | Cec: C=.03 pF 

Le: L».1 nH mE Сев: С=.03 pF 

Cpap: 20=25 Q L=100 mils k=6.8 А-.001 Ғ-1 Coap: C=.1 pF ` 


Figure 6. Package Equivalent Clrcult For AT-64023. 
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CKT 
| MSA0835 MODEL 


l EQUIVALENT CIRCUIT FOR 01 
1 


17 
16 


27 
26 


RES R1Q1 10 1 
RES А201 11 12 
RES А301 12 13 
Ѕ1РА 0101 10 15 
S1PB 0201 11 15 
S1PC 0301 12 15 
RES RCQ1 14 15 
RES REQ1 16 17 
s2PD 01 13 15 
DEF3P 10 14 
! EQUIVALENT CIRCUIT FOR 02 
RES R1Q2 20 21 
RES А202 21 22 
RES R3Q2 22 23 
S1PÀ D1Q2 20 25 
$1РВ 0202 21 25 
$1РС 0342 22 25 
RES RCQ2 24 25 
RES REQ2 26 27 
S2PD Q2 23 25 
DEF3P 20 


!MODEL FOR MODAMP MMIC CHIP 


R=2 .6 TC1=0.8E-3 
R=9.1 ТСі»1.2Е-3 
R=7.9 TC121.8E-3 


[MODELeDMOD 377] 
[MODEL=DMOD 218) 
[MODEL=DMOD 138] 
R=S ТС1=0.6Е-3 
R=.63 ТС1-0.6Е-3 
(MODELeQMOD 156) 

Q1 


R=1.0 TC1=0.8E-3 
R=3.3 TC1=1.2E-3 
R=2.8 TC1=1.8E-3 


{MODEL=DMOD 782] 
(MODEL-DMOD 609] 
(MODEL*DMOD 386] 
R95 ТС1=0.6Е-3 
Re.22 ТС1=0.6Е-3 
(МОБЕТ.=ОМОО 438] 

02 m 


CONTROL 
A0835 


SPICEOUT 
A0835 
A0835 

Ч А0835 

! | .A0835 

! А0835 


OPTIONS MU=0.3 LVLTIM=1 ACCT LIST NODE 


OP 

AC LIN 12 
TRAN .02NS 2NS. 

PWR VIN RS 

TEMP -55 27 100 

INCLUDE QMSA.MOD 
INCLUDE QMSA.MOD 
INCLUDE QMSA.MOD 
INCLUDE QMSA.MOD 
INCLUDE QMSA.MOD 


AC I(ALL) V (ALL) 

SP XA0835 MSA0835S.S2P 50 
TRAN ALL 

TRAN =I (ALL) 

PWR RL 54 0 


. 9GH2 6GHZ 


RES RFCH 30 31 R=6000 TCl=-.8E-3 
CAP_CFCH 30 31 С=.0001 
RES RBCH 30 32 R=1600 TCl=-.8E-3 
Q1 XQ1CH 30 31 33 
RES RBIASCH 32 33 R=85 TCl=-.8E-3 
Q2 XQ2CH 33 31 34 | 
RES RECH 32 34 R=.0001 TCl=-.8E-3 
CAP CP1CH 31 33 С=.086 
САР CP2CH 31 34 С=.021 
САР СРЗСН 31 32 С=.103 
DEFSP 30 31 32 CHP ! chip model 
!MODEL FOR PACKAGED CHIP - UX PKG (35) 
IND LINP 40 41 1=0.05 
TLINP T1P 41 42 2-65 L=30 K=7 As0 Ғ-1 
IND LBP 42 43 L=0.6 
CAP_CBCP 42 47 С=0.02 
САР CBEP 42 44 c=0.01 
IND LEP 45 44 L=0.3 
TLINP T3P 44 46 2-30 1=15 K=7 А=0 F=] 
IND LGP 46 0 L=0.01 
CAP CECP 44 47 С=0.03 
TLINP T2P 47 48 2-65 L=50 К=7 A=0 F=1 
IND LÓP 48 49 L=.05 
CHP XCHPP 43 47 45 
_ DEF2P 40 49 MSA ' packaged chip 
! PACKAGED CHIP USED IN CIRCUIT 
MSA XAO835 50 93 
DEF2P _ $0 53 А0835 
SOURCE 
A0835 IVS VIN 520 AC=1 ТААМ- ЅІМ (0 100MV 1GH2) PWR=(0 10 5 1E9 1.5E9 SEB) 
A0835 RES RS 51 52 R=50 | 
A0835 CAP CS 91 $0 С=1000 
A0835 ІУ5 УСС $6 0 DC=12 
А0835 RES RC $5 $6 R«90 TC1=.1E-3 
A0835 IND LCK 93 $5 L=1E4 
A0835 САР COUT 53 54 C*1000 
A0835 RES RL 54 0 R=50 





Figure 7A. Typical MW SPICE MSA-0835 Simulation. 


!SPICE PARAMETERS FOR MCDAMP TRANSISTOR PROCESS 

.MODEZ DMOD D 1$=1Е-25 CJO*2.45E-16 VJ=.76 M=.53 BV=45 1ВУ=1Е-9 
.MODEL QMOD NPN BF=90 BR=5 IS*1.65E-18 VA=20 TF-12PS CJE=18E-16 

+ PE=1.01 ME=.60 РТҒ=25 ХТВ-].818 VTF=6 ТТР=.ЗМА IK=.1333MA ХТҒ-4 
+МР=] .03 ISE-SE-15 NE=#2.5 


Figure 7B. QMSA-MOD File Used in Figure 7A. 
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Table 1. Bipolar SPICE and Linear Model Equivalent Circuit Element Values. 


21400 41400 42000 60100 60200 60500 64000 00500 01600 


о | 06 10 07 196 102 42 04 49 16 
ppm/^C| 0.8E-3 0.8E-3 0.8E-3 0.8Е-3 0.8E-3 0.8E-3 0.8Е-3 0.8E-3 0.8Е-3 


Q 22 341 2.2 517 259 103 12 89 28 
ppm/^C| 1.2E-3 1.2E-3 1.2Е-3 1.2Е-3 1.2E-3 1.2Е-3 1.2Е-3 1.2Е-3 1.2Е-3 


Авз| value 19 27 19 375 188 75 098 49 15 
temp coeff | ррт/°С | 1.8E-3 1.8E-3 


Model 









value 
temp coeff 


Resistors: 





value 
temp coeff 










O 


Nominal 
Value 
@ 25°C 









_ value 
temp coeff | ppm/*C | .0.6E-3 


R 


O 


value Q « 0.14 
temp coeff | ppm/°C | 0.6E-3 | 0.6E-3 
value Q | | - 

temp coeff 





Capacitors: 


ТО 
“TI 


© 
© 
©) 






(1051) (2287) (1262) 
0.080 0.12211} 0.096 


(4692) (1586) (5074) 


© 


0) 


SPICE 
lin. @ 8 V 


SPICE 


# 
pF 


# 


01 








all D2 


non-linear lin.@8V | pF : 0.2511 0.120 ` 0.384 
т" Соз| SPICE # (1360) (189) ` 


DMOD lin. @ 8 V pF 0.07111] 0.014 - 


© 
= 


SPICE # 
lin. @ 16 V pF 


(1717) 
0.104 


QDIS 005 QDIS QDIS QDIS QPWR QDS  QDIS 
(420) (600 (30). (60) (150) (1560) (228) (730) 


Active 


Device: SPICE 


3 
|н 


— value @ N 26 515 285 129 - 52 . 08 
bias value @ С 0.8 10.4 92 2.6 0.3 .13"^" 05 


С 
Тс 


alue @ 8 V 


value @ LN 
value @ С 


< 


pF 


0.998 2.1 3.00 0.15 0.30 0.75 7.8] 114 3.65 
б: дап ог = E 
power 
bias 


6.9 69 69 69 - -69 71 
73 79 | 79 73 1135 82 8:1 


рѕес 
рѕес 


о | т 
> 





Note: 
1. 64000 values given at 16 V. 
2. Data for ATF-21400 can be found on page 2-27 of the catalog. 
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Table 2. MODAMP MMIC Linear and SPICE Models. 


ии их 
“Ші; 
temp coeff | ppm/?C | 0. ВЕ. 3 0. ВЕ. 3 | O. ied 3 0.8Е-3 | 0.8Е-3 0.8Е-3 | 0.8Е-3 0.8E-3 | 
ld ru 13.2 132 66 8.2 4.4 44 26 
temp coeff | ppm/?C| 1.2E-3 1 p 1.2Е-3 1.2E-3 | 1.2Е-3 1.2E-3 | 1.2Е-3  12bE-3 
ka £N AX 9.9 6.2 9.9 5.0 6.2 3.3 3.3 20 
temp coeff | ppm/?C| 1.8Е-3 1.8E-3 | 1.8E-3  1.8E-3 | 1.8E-3  1.8E-3 | 1.8bE-3  1.8E-3 
emer omrol ыса nete oses osal osea osea | osa osea 
temp coeff | ррт/9С| 0.6Е-3 0.6E-3 | 0.6E-3 0.6Е-3 | O.6E-3 0.6Е-3 | 0.6E-3 0.6E-3 
а-к 0.78 039 | 0.49 026 | 026 0.16 
temp coeff | ppm/?C 0.6E-3 0.6E-3 0.6Е-3 0.6Е-3 | 0.6Е-3 0.6E-3 | 0.6E-3 0.6E-3 
ete tsls le ЖЕ 
linear 
ela ee 
linear 117 ps 
ele se = s ee sr 
linear 
model QMSA  QMSA QMSA | QMSA | QMSA  QMSA | QMSA ОМЅА 
SE — 
(739 347 3.47 | 518 260. 2.61 5.18 | 518 132. 


pee гооо | 625 1250 | 1000 187s | 1875 3125 


ETICA 


temp coeff ррт/>С -0.8E-3 -0.8E-3 -08bE3 | -0.8E-3 
ВЕ, Re, Ав, Ёвідѕ | | 


e e| a | ә |] e | R - 





Model 








о 
о 
un 
єч 
о | & 
Е 
1.5 
® | > 
C | е 
Е 
Е 
о 
> 





Capacitors 


2 
3 
° 
`Š 
5 
3 
7) 
9 
8 
Ф 
> 
5 
« 


$ 
> 
à 
E 





MMIC Subcircuit 
Баа жее = 
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Table 4. SPICE Parameter Values. 


СТИ — s — — 
метро 






Model Name: QDIS |  ОРМА QMSA 
Model Type: [NN [мм № 
MM INNEN ЗОН UNE КЕННЕН REN PIU TUUM 


e w Е S o — 
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FET Models 


At present only linear models 
are available for the GaAs FET ` 
_ devices in this catalog. The FET 
model given isa simplified ` 
hybrid pi model. The intrinsic 
FET consists of a voltage con- 
trolled current source (g, V.), 
_ the capacitance (С. ) across 
which the controlling voltage 
appears, and the input resis- 
_ tance (Кс). Terminal contact 
resistances (R,, L,, В,) and 
parasitic inductances (L,, La) 

. then are added to this structure. 
Included in the values for L,, L,, 
апа L, are both the inductance 

. ofthe on-chip traces and the | 


_ bond wire inductances used for.. 


carrier measurements. The ` 

. drain resistance (Ва) is 

. sufficiently low in value that it 
does not influence the S- 


parameters or noise perform- | 


’ ancein the frequency range 


GATE 





where the model is applicable 


(up to - 20 GHz), it does not 


appear in the model. The gate- 
to-drain coupling capacitance 
(Cga) — which is the predomi- 
nant determiner of $, — and the 
output capacitance (С) com- 


. plete the model. The schematic 


of the FET model equivalent 
circuit is shown in Figure 8. 


Component values for both low ` 


noise and gain bias £ are given in 


- Table 6. 


The topology derived for the 


bipolar package model can also 


be applied to GaAs FET 


packages, with one additional 
. element being required. Since 


the bottom of the bipolar die is 


_ also the output terminal, 
_ bipolars in general do not 


require output (collector) bond 
wires. In contrast, the bottom of 


. а GaAs FET is either elec- 


Rds 


Hs 


Ls 


SOURCE 


Figure 8. Equivalent Circuit for Linear GaAs FET Models. 
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trically isolated or connected to 
the common terminal, so an 
output (drain) bond wire (Lj) is 
required. The consequent- 
differences in metallization 
patterns means that although 
the model topology stays the 
same, the values of the model 
elements change. Thus, even 
though a FET package may 
have the same external appear- 
ance and numeric designation 
as bipolar package, it will have 
different values for its equiva- 


lent circuit elements — а FET 


style 70 package model will not 


be the same as a bipolar style 70 


package model. For convenience, 
the package model is repeated. 
in Figure 9 with the appropriate 
labels for a GaAs FET. Values 
for this model are listed in Table 
7 for the various FET package. 
styles. 


aas DRAIN 
Ld | 


=. Cds 





Table 6. Circuit Element Values for Linear GaAs FET Models. 


Components 


Cgs | Cgd 
pF pF T 
п 
2 V, 20 mA рк 15 0.1 70 | 0. .001 
ATF-102XX 
2 V, 20 mA 0. үн 0.1 0.001. 


Part No., B 


ATF-107XX | 
2 V, 20 mA 0.6 0.15 0.40 0.15 0.1 0.001 200 | 1.0 
4 V, 70 mA 0.6 0.15 0.80 0.1 0.2 не т m 


ATF-13 1/132XX 


TEE Para csse ік нк | е. se 
ATF -133/134XX 
3 V, 20 mA 0. үн 


ATF-137XX 
ЗУ, 20 тА 0.6 0.15 0.20 0.05 0.03 40 | 0.001 | 250 
4 V, 20 mA 0.6 0.15 0.24 0.05 | 0.03 50 | 0.001 | 250 


_ ATF-211XX 
3 V, 30 mA 0.4 0.15 1.5 1.5 1.0 оло 0.10 | 0.14 68 | 0.001 | 180 0.6 
5 V, 80 mA 0.4 0.15 1.0 1.0 0.5 1.2 0.08 | 0.15 115 0.001 180 1.0 
ATF-251XX 
3 V, 20 mA 0.7 0.15 2.0 1.0 | 0.36 Е СЕ 48 С 150 
5 V, 50 mA 0.7 0.15 1.0 0.5 75 180 


ATF-261XX 

3 V, 10 mA E 0.15 5.0 I 0.03 0.001 | 275 0.6 
5 V, 30 mA 0.15 P 0.015 0.06 42 0.001 м = 
ATF-35XXX 

1.5 V, 10 mA 26.6 pH P 0.088 | 0.0459| 0.0527 | 53.7 | 0.47 т 


ATF-441XX 
9 V, 500 mA 
ATF-451XX 
9 V, 250 mA — 
ATF-46 1XX 
9 V, 125 mA 


manaia eee 
om | вов Jom Jom om 1з | ez | eo [m | в | m | _ 
om [oc om |um|om|os] n]om]m| e [m | _ 


Figure 9. Equivalent Circuit for Package Models. 
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Table 7. Circuit Element Values for FET Package Models. 


|“ [| T | 
njala [s ЕТА s 
Pkg. | nH nH pF | pF | pF 
4. [40 | 7 ^35 | 10 | 7 [45] 45 |7. 
БЕСІН [35 | 7 | 30 | 15 | 7 |65) 35 [7 
50 [39 | 6 | 7 |e | [7] о 
L [20 5 | 7 | 40| 25 [7 
Га” EN [ж [т 
Le __ [20 [40 | 25. 





Schottky Diode Models | model. SPICE parameters are parameters also apply to the 


Nonlinear analysis is often per- listed in the table below for HP individual diodes within multi- 
formed on Schottky diode . Schottky diodes. x ^. ple diode configurations. This is 
circuits. А popular model for | the reason for multiple entries 
nonlinear analysis is the SPICE Beam lead diodes and chips have оп many of the columns in the 
(Simulation Program with the same SPICE parameters table. | x 
Integrated Circuit Emphasis) ^ when placed in packages. The 


| | ` 5082-0087 
5082-0023 REF 5082-0024 o | | | 5082-2810 |Т 
5082-2702 | 5082-0097 | 5082-2800 5082-2817 
5082-2723 | 5082-2811 | 5082-2837 5082-2824 






Parameter 








B | v | v | 1 | 7 | 1 [| s | 3 - 
сю | s | 91 | 19 | 16 [| ii | ii | 98 — 
кю | s | 0% | 96 | 0 | 96 | oss | o6 — 
в | A | 03X10E9 | 03X10E8 | 221069 | 1068 | 108 | IIXMES- 
—N ^] [| 19 | 108 | 108 | 198 | 
(RS | 8a | 7 | n | 13 — 
( P | V | 96 | 0 | 06 [| oa — 
LR | 1 23 — 3-—]-—2 1-3 — 
М | | o5 | os | o5 | 05 . 
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Table 8. Schottky Diode SPICE Models (contd.). 
Part Number | 
5082-2302 5082-2271 
Parameter Units | 5082-2400 | 5082-2350 5082-2303 5082-2831 | 5082-2233 | 5082-2263 
| BV | V | 35 | 3 | 235 | 1 | 5 | 5 ` 
| Co |р | 07 | 09 | 07 | 04 | 03 | 03 | 
о A) EM 
| IBV | А | 105 | 105 | 105 | 105 | 105 | 105 — 
| IS | А | 7X10E-9 | 7X10E-9 | 7X10E-9 | ЗХ10Е-7 | 12X10E-8 | 3Х10Е-10 | 
ON | | 10 | 10 | 108 | 108 | 108 | 108 — 
RS SE E NUNC NE МАШЕ a RCS НИ 
PB Оу | os | 064 | 06 | 05 | os | 065 _ 
CB | 1] 2 | 2 | 2 | 2 | 2 | 2 - 
_ M | | 05 | 05 | 05 | 05 | 05 | 05 | 
Part Number 
Parameter | Unite 
(Gv |v | m | 0 | |) s | s | m _ 
| Co | pF | 04 | 035 | 025 | 012 | 009 | 04 — 
m И Ж, Ж БИЕ”. ЖЕН ЕЕ. ИЯ БЕК! ЖИН БЕ). ЖЕН БЕК! ин ии Е 
| ВУ |А | 105 | 105 | 105 | 105 | 105 | 105 | 
| IS — | А | 2XI0E10 | 2X10E-10 | 3Х10Е-7 | 12Х10Е-8 | 12X10E-8 | 2Х10Е-10 | 
| N || 10 | 10 | 108 | 108 | 108 | 108 -— 
RS Оо | 6 | s | 9 | m | 1 | 6 - 
РВ ГУ | 0% | 06 | 05 | 05 | 05 [| 96 - 
_ Pr |. | 2 | 2 | 2 | 2 | 2 | 2 ` 
_ M . | | 05 | 05 | 05 | 05 | 05 | 05 | 
| Part Number 
5082-2774 
5082-2785 5082-0009 | 
Parameter 5082-2292 | 5082-2294 | 5082-2794 5082-0013 | 5082-275Х | 5082-2787 
B |v | m | 5 | 5 | 4 - 
со X | pF | 03 | 00 | 020 | 015 | 
NC MENKEY КЕК ЗИ EC “ИК иг “ЖЕ шиг ЖИЕ ниг Е 
_ ВУ | А | 105 | 105 | 105 | 10E5 | 10E5 | 10E5 | 
| IS | A | 2X10E- Е TTE 0 7.0Х10Е-8 | 1.2X10E-9 | 1.2X10E-9 
Soe т 08 ke 08 | 1.08 | 08 | 1.08 | | 1.08 = 
| RS — — | 9 | 6 [| 10 | 3 | 3 ` 
—m — v | os [© | os | os | os | 08 — 
р | |] 2 | 2 | 2 | 2 | 2 | 2 | 
| M | | | 05 | 05 | 05 | 05 | 05 | 05 | 
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Table 8. Schottky Diode SPICE Models (contd.). 






HSCH-5312 
HSCH-5314 
HSCH-5512 
HSCH-5518 
HSCH-6310 
HSCH-6510 








HSCH-5310 
HSCH-5320 
HSCH-5510 
HSCH-5511 
HSCH-5520 











5082-2200 
5082-2202 
5082-2207 
5082-2209 











| HSCH-5516 
HSCH-6312 
5082-2835 | HSCH-9XXX | HSCH-6512 












в | v | s | ° | s | s | s | s ` 
5090 | pF | o2 | от | ом | o2 | ois [| ою | 
ES | ev | os | 09 | 14 | 09 | оз | 06 _ 
. IV |А | 105 | 1085 | 105 | 1065 | 105 | 105 _ 
[8 |А | 3Х10Е10 |22X10E-8 | LeX10E-13 | 3Х10Е10 | зХ10Е-010 | 3Х10Е10 - 
1 | 1 | 12 | 10 | 10 | 10 - 
LE |8) s | 5 | s | s | 9 | B - 
L.PB ^ | V | 95 | ose | 055 | 05 | 06 | 05 - 
— P | J 2? | 2 | a2 [| 2 |] 2 | 2 — 
M  ] Ù o5 |] os | os | o | 05 | 05 — 










HSCH-5336 
HSCH-5338 
HSCH-5534 
HSCH-5536 
HSCH-6332 


HSCH-5332 
HSCH-5334 
HSCH-5532 
HSCH-5538 
HSCH-6330 















| HSCH-5531 
HSCH-320X |HSCH-3486 | HSCH-5540 










HSCH-6530 | HSCH-6532 
|. 009 | оз | 020 — 
5Х10Е-6 | 4Х10Е-8 | 4Х10Е-8 | 4Х10Е-8 
59 | 50 [| з | 9 | 6€ ` 
р oœ% |) 05 | 05 | 05 [| 05 — 


| HSCH-5832- HSCH-5830 | HSCH-5816 | HSCH-5812 | HSCH-5810 | HSCH.5938 
| Clo | pF | o3 | 00 | 02 | оз | oo 
10E-5 10E-5 10E-5 10E-5 10E-5 10E-5 


[в | A [46510648 | 46xioE-8 | 62x108.11 | 62X10E1 | 6 2Х1ОЕ-11 | 16X10E7 
N || 1e | 10 | 10 | 10 | 10 | 1% 
(Rm | a | s | 2 | 4 T 8 |] 8 T — 
re | V | 05 | 95 | os | os | os | 05 — 
[RM | 1. 2 | 2 | 2 | 2 [| 2 | 2 
| M | 05 | o5 | 05 | os | o5 [| 05 _ 
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Table 8. — Diode SPICE Models "m ). 


TT 












58 | HSCH-5932 | HS 
es es SS es ME 
is 
н "ae - 
e NK Tatay син э ME NM MM NIE Wik: OR карі: CON 
[ 05 | 08 | 05 | os | os | 05 - 
О | 2 | 2 | 2 |] 3 | 3 - 
м [05 | 0 | 05 | 05 | 05 | о. 





11 | 07 | 18 | оз — 


| {aces | 1085 _ 10Е-4 ЖЕГІ ss 10Е-5 


жс жи 
ГА | 
| 
9 | . 10 
V 
NK ЖМК 
— 
Part Numbe | | 7 
5 HSMS-0001 | HSMS-0002 | HSMS-0003 HSMS-8001 HSMS-8002 
HSMS-280X | HSMS-281X| HSMS-282X |HSMS- 984X HSMS-8101 | HSMS-8202 
4.6X10E-8 
ЖЕЛКЕ 
[ео — 
КІШІК 
MEN 





“з 
| оз 
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Me f 





PACKAGE OUTLINES 





All dimensions in millimeters (inches), except where noted. 
For complete package specifications refer to individual product specification sheets. 
Drawings are not to scale. 


-05 p түр 


SOURCE 









.12 
3.0 


3 i 
062 DIA. ^ 
1.57 (2) PLCS 


SOURCE 


| 0.025 + 0.003 mits 4l oss 


0.64 + 0.08 mm ` oe ов. 


.044 


елей Е `. 
ITL— == а 


(e 2.05 


merced otherwise specified) 


in 
1. Dimensions are mm 


2. Tolerances 
in .Xxx s +. 
mm .хх = 3.13 


01A: 100 mil Flange 


+ | 


Dimensions іп millimeters (1/1000 inch) 
01B 


*See data sheet for center junction, off-set junction 
and nine-point contact. 










COCA RC 


580 (23) 
540 (21) 





ыы ы ыы ы ыы ы, 





12 (0.5) | 40 (1.5) 


8 (0.3) | 
PLATINUM METALLIZATION | 


DIMENSIONS IN um (1/1000 INCH) 
03 


0.20 + 0.05 


0.488 + 0.030 
12.39 + 0.76 





0.008 + 0.002 


_ 0.100 + 0.010 
Е “2.84 t 0.25 





PLATINUM 60 (2.4) 
METALLIZATION 40 (1.5) 





DIMENSIONS IN um (1/1000 INCH) 


04B 





0.030 * 0.010 
0.76 0.25 | 
(4 PLCS) 


3.42 + 0.25 — 
(APLCS) — 0.030 





s т а 
. 0.008 + 0.002 | 0.100 + 0.010 
0.20 + 0.05 2.54 + 0.25 
| 0.0005 + 0.010 
0.013 + 0.25 


05: 145 mil Surface Mount Plastic 


All dimensions in millimeters (inches), except where noted. 
For complete package specifications refer to individual product specification sheets. 
Drawings are not to scale. 


730 (28.4) 
680 (26.8) 
280 (11.0) 
190 (7.4) 










265 (10.4) 


265 (10.4) 265 (10.4 
200 (7.9) 


200 (7.9) 





| 


140 (5.5) 


100 (4.0) 


T 






125 (5.0) 
95 (3.8) 






м 


X 
= 


ыы NS 
NS 
44 
Q| о 
оо 
= 
olo 


bo — j 255 10.0 
T — UA 165 (6.5) 


DIMENSIONS IN um (1/1000 inch) 


06 220 (9.0) 





ys 
2 N 
час 
GAS 







CATHODE 


60 (2.4) 


45 (1.8) 
CATHODE 4 —_— — —— 




















GOLD BEAMS 
8 (0.3) DIMENSIONS IN um (1/1000 inch) 
270 (10) 
180 (6) 08B 
.040 
uso |. sena |. 259 1.02 "n 
200 (8) 250 (10) 170 (7) 
12 (5) 4 EMITTER 
8 (3) 
30 MIN (1) | | | 
sassa, Í | 
E ^ | GLASS ы д К R 
METALLIZATION 40 (1.5) 
DIMENSIONS IN um (1/1000 inch) 
020 
07 508 
Notes: 
2 EMITTER (unless otherwise specified) 
4.98 (0.196) _„ О 1. Dimensions are jn 


4.80 (0.189) 2. Tolerances 


in .xxx= +.005 
.004+.002 mm .xx = +.13 


1 254“ | 
UNE rr === 


3.99 (0.157) 5.461 6.20 (0.244) | 495 + .030 | 030 

91 (0. (0.215) 582 (0. . o “76 

3.81 (0.150) 0.215) 5.82 (0.229) 12.57 + .76 76 
| | 10A: 100 mil Stripline 








E 


PIN #1 | 
еЗ 0.48 (0.019) , 45 
0.28 (0.011) 1.91 (0.075) 
ИЕ | 1.37 (0.054) 
0.10 (0.004) 
d 0 DEG. MIN. vM: 
| 8 DEG. MAX. 
0.25 (0.010) 
0.020 (0.013 К 1.27 (0.050) 
> mro. 0.41 (0.016) ко) 
| 22 | 0.178 (0.007) MIN. 
ТУР. 6.20 (0.244) DIMENSIONS АВЕ IN MILLIMETERS (INCHES). 


5.82 (0.229) 
5.461 (0.215) MAX А 


ОВА: Plastic 50-8 
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All dimensions in millimeters (inches), except where noted. 
For complete package specifications refer to individual product specification sheets. 
Drawings are not to scale. 





DIMENSIONS IN um (1/1000 inch) 


10B 


2.72 (0.107) [| 
2.16 (0.085) | 25.4 (1.00) 
MIN. 


js í (0.076) 
.73 ( (6088 ” г 


САТНООЕ 


25.4 (1.00) 
MIN. 


SERES: 4 





0.150 
3.81 
0.220 
5,59 M 
ri 180 SQ 
4.57 EM тва "= 
0. —— Max. 262 
178 


Á Vee Nm № GROUND 


Notes: 
(unless otherwise specified) 


| їп 
1. Dimensions аге —— 
|. Hm 


2. Tolerances 
in XXX = + 0.005 
mm .ХХ = + 0.13 


18: 180 mil Glass/Metal Surface Mount 
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АШЫН EMITTER 


.300+.025 
7.62+ .64 








COLLECTOR 


NO REFERENCE Notes: 
(unless otherwise specified) 


ewrrer| | 2 1 Dimensions are in. 


—>];060 060 о 2. Tolerances 
in .xxx = +.005 
mm .xx = +.13 


048:.010. 
1.21: .25 128 | | 
| E 3.25 .004 +.002 
: .10 + .05 
ЕЕ -” 
| 5.21 22-287 
20: 200 ті! ВеО 
(4.3) 110 









77777) 98, 


DEI P EN 





GLASS SILICON 
320 (12.6) 


280 (11.0) 





21 


EMITTER 
800 460 
20.32| BASE у 


27 
ж "Des COLLECTOR k 
14.27 

254 ы 


| аш | - 2 EMITTER 


-130% 
30N У Notes: b" 
. (unless otherwise specified) 
1. Dimensions are іп. 


2. Tolerances 
іп .ххх- +.005 
тт.хх- +.13 


060. 


1.52 


23A: 230 mil ВеО Flange 








All dimensions in millimeters (inches), except where noted. 
For complete package specifications refer to individual product specification sheets. 
Drawings are not to scale. 


TOP VIEW 


T rms 





0.54 (0.021) - END VIEW 
MARKING y оз E (0015 
CODE 
0.69 (0.027) 
0.45 (0.018) 


M 


0.152 (0.006 
0.60 (0.024 0.086 (0.003) 
0.45 (0.018) 
SIDE VIEW 
3.06 (0.120) 
2.80 (0.110) 
1.02 (0.041) * 
$ 0.85 (0.033) 
| *STANDARD PROFILE OPTION: 
0.10 (0.004) WITH MIN./MAX. OF 


0.013 (0.0005) 0.85/1.20 MILLIMETERS, 


0.033/0.047 INCHES. 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 


23В | 





PIN 1 LEAD 
IDENTITY TAB 





0.005 + 0.002 
0.127 + 0.051 








Notes: 
(unless otherwise specified) 
| in 
1. Dimensions are —— 
mm 


2. Tolerances 
іп XXX = + 0.005 
mm .XX = + 0.13 


28: 180 mil Ceramic Surface Mount 
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1.63 (0.064) 
1.52 RA 0.060) 


0.64 (0.025) 


MAX.: 
5.69 
5.1 
2.11 (0.083) 
1.98 (0.078) 





‚508 


2| | EMITTER 


Notes: 


(unless otherwise specified) 





1. Dimensions are 4n 
.057 +.010 2. Tolerances 
1.45 + .25 m 100 іп .xxx = %.005 
| —» 2.54 mm .хх = +.13 
52 T A55 t .030 Т 
11.54 04 + 76 
.006 +.002 
; 15 + .05 
35: micro-X 








^ 245 
(0.085) 
С) 
1 


2.11 (0.083) DIA. 






2 
1.45 + 0.25 
(0.057 + 0.010) : 
i | 0.15 + 0.05 
ааста 272. ИЫН 
^. a | 4.57 + 0.25 
(0.180 + 0.010) 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 


36: Short Lead micro-X 








All dimensions in millimeters (inches), except where noted. 
For complete package specifications refer to individual product specification sheets. 
Drawings are not to scale. 













1.32 (.052) 1.63 (.064) 
Е 124 (049) = 1.53 (060) 
DIA. ; 30° #3 
$ | 
.12 (.044) | 
ег" LL — 
| | 0.38 (.015) 
(ше) 0.30 (.012) 0.25 (.010) 
: ° 0.25 (.010) — 
2.08 (.082) 
38 1.78 (.070) 
0.58 (.023) 
3.12 (.123) 0.36 (014) 
2.99 (.118) 
АЛМАШ | А 
ү 2.13 (.084) 
| 1.98 (.078) 
| 49 
0.28 (.011 
0.23 (.009) 
3-48 
UNC-2A 
HEAT SINK 0-28 = = 
SOURCE 
2.67 (.105) 
2.54 (.100) ГРА 
25 


40 DRAIN Y 


0.58 (.023) 023) _ 3.12 (.123) 
0. 0.36 (. (.014) _ 2.99 (.118) | 


(unless otherwise specified) 


1. Dimensions are mm 


2. Tolerances 











SOURCE in .xxx = +.005 
1.80 (.071) mm .xx = 1.13 
1.37 (.054) 
.003 + .002 
3.43 (.135) | .08 + .05 050 +.006 
2.90 (.114) 127 £45 | 
1.63 (.064) T 
1.47 (.058) .495 а 4025 
12.57: .76 I 
ал вз | 
1.98 (.078). 50: 50 mil Stripline 
41 | 
1.40 (.0 
1,40 5059) DIA. Hs 
1.40 (055) и A. 
1.30 (.051) 
12! amm ) 
ыт (мю (.050) 
1.02 (.040) "T 
p-.3n 
к жин Cp - .13 pF 
44 56 
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All dimensions in millimeters (inches), except where noted. 
For complete package specifications refer to individual product specification sheets. 
Drawings are not to scale. 


2.03 TYP. 
2.16 (0.085) CHIP LOCATION 
(0.075) (0.080) 


2.54 DIA, (0.100) 
2.34 * (0.092) .040 
(2 PLACES) 1.02 — m 
4 SOURCE 
3.05 MIN. 
(0.120) 





0.13 TYP. 
10.67 (0.420) 5.46 (0.215 LA > 
10.16 (0.400) 4.55 (0.215) 4.19 (0.165) 
3.94 (0.155) 
1.52 ТҰР. 
(0.060) 





» (unless otherwise specified) 
1. Dimensions are тт 
2.16 (0.085) 2. Foterances 
1.91 (0.075) 2L | SOURCE in «ххх = = 005 
2.16 (0.085) ; mm .xx = £ .13 
1.91 (0.078) 10.67 (0.420) 


10.16 (0.400) 


.10 + .05 4 7r 





Ма (0.098) 1.57 (0.062) | 
as 1.47 (0.058) 1 

0.89 (0.035) | о. :495 + .030 025 
64 (0. p 12.57 + .76 .89 














1.12 (0.044) 
1.52 (0.060) | 
0.38 MIN. (0.015) 
TYPICAL (4 PLACES) 
LOCATION 
2.16 (0.085) 
1.65 (0.065) 
2.57 (0.101) CLEARANCE HOLE : : "T 
2.31 (0.091) (2 PLACES) | 70: 70 mil Stripline 
61 
1.368 + 0.020 
(53.9 + 0.8) 
0.950 + 0.010 | | 
(37.4 + 0.4) ALL DIMENSIONS ARE IN INCHES (MILLIMETERS). 








| 0.020 
"|l (0.8) 
| 0.950 + 0.010 1.368 + 0.020 0.680 50. 
(31.5) (37.4 + 0.4) (53.9 + 0.8) (26.8) | 
0.015 — 
(0.6) 
| 0.110 + 0.015 
(4.3 + 0.6) 
0.209 + 0.005 0.010 + 0.002 
ery | AL oe Í a (8.2 + 0.2) (0.4 + 0.1) 
_ 0.130 + 0.015 
5.1 + 0.6 
68 Lead Flatpack Реле 
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4 


All dimensions in millimeters (inches), except where noted. 


For complete package specifications refer to individual product specification sheets. 


Drawings are not to scale. 


0.270 MIN. 
6.86 MIN. 










— ss 





+ 


Е 


o 


0.003 + 0.002 7178 
0.08 + 0.05 


71: 70 mil Flange 


210 
"| 533 [< - 
MAX -999 
* 1270 ” 
MIN 


Notes: | 
(unless otherwise specified) 


1. Dimensions are ип. 


2. Tolerances 
in .xxx = £.005 
mm .xx = t.13 


72: ТО-72 | 
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1.02 | 
(0.040) 


0.51. 





0.020 
| 2 pe 
1.04 | 
1.78 "EE 
(0.041) . ті 2 
ж 0.10 
—E ` pu 


0. |! 
(0.021) 5.28 
° (0.208) 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 
76: 70 mil Ceramic ` 


690 (27) . 
650 (26) | 



































220 (9) 180 (7) 
180 (7) _ | в (6) 





1240.47) — ^ mE 
8(0.32) 


DIMENSIONS IN um (1/1000 INCH) | 





83 










0.20 + 0.050 
| (0.008 + 0.002) | 
1.52+0.25 | j | ‚= 
(0.060 + 0.010); — С — 





5.46 + 0.25 


uei (0.215 + 0.010) | 
(0.020) 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 
84: Short Lead 85 mil Plastic 


All dimensions in millimeters (inches), except where noted. 
For complete package specifications refer to individual product specification sheets. 
Drawings are not to scale. 


а .020 | | LOW PROFILE 
Де: 
EMITTER| |4 ` 0.92 (0.036) 
0.78 (0.031) 





COLLECTOR 






Š 
оо 





1 3 1.20 (0. 1 (0.083) 
Notes: сай | 
(unless otherwise specified) 
іп 
1. Dimensions are mm | 
EMITTER 2 2. Tolerances 0.54 (0.021 
in ххх = + .005 0.37 (0.015) 
u _ mm .xx = +.13 | 
.085 
2.15 
.060 +.010 | 
: : 0.15 (0.006) 
0.09 (0.003) 









1 | + 25 МІЗ 208+ 002 0 (0. , 
— Ë | gue C 
ye, ИИ qom i x d КАП (0.004)** n 0.69 (0.02 
ж | —S "6 | | А (0.0005) 


0.45 (0.018) 








12.7 + .76 
.Ü (e 8 | | - 0178 | 
.51 (0.007) 
*STANDARD PROFILE OPTION AVAILABLE FOR DIODES: 


1.753 
(0.069) 
MAX. 


2.642 (0.104) 
~ 2.108 (0.083) 


85: 85 mil Plastic WITH MIN/MAX OF 0.85/1.20 MILLIMETERS, 
0.035/0.047 INCHES. 
**STANDARD PROFILE OPTION AVAILABLE FOR DIODES: 
0.51 (0.020) WITH MIN/MAX OF 0.10/0.25 MILLIMETERS, 
E - 0.004/0.010 INCHES. 





DIMENSIONS ARE IN MILLIMETERS (INCHES) 


143 — 








4110 | 4.23 +.25 
2.79 L —_ :975 NN 
2476 . 


Dimensions аге —— Tolerances: іп .ххх = $.005 mm .xx = +.13 


6 Lead BeO Power Flange 
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All dimensions in millimeters (inches), except where noted. 
For complete package specifications refer to individual product specification sheets. 
Drawings are not to scale. 





1.27 (0.05) MAX 


. 0.15 (0.006) mtem 
_ 0.10 (0.004) T 0.64 (0.026) | 
Е4 | 


5.33 (0.210) REF. 








< 0.76 (0.030) TYP. М Г sd 
H 


6.60 (0. 5.60 (0.260) ç 


6.10 (0.240) 240) 9 
7.87 (0.310) 


7.37 7:37 (0290) 290) 


10.15 (0.400) 
_. 79.65 (0.380) UT 380) | 0.79 (0.031) 
postmen 53 (0.021) 


JL 
#1 
0.18 (0.007 un 


0:00 (0003) 08 (0.003) 
1.40 (0.055) 
ES .90 (0.075) 


j| w түр 


0.25 (0.010) 





Е6 





5.08 (.20) 
. MAX. 


— 8.13 (.32)__ — 
MAX. 


LEAD LENGTH 19.05 (0.75) MIN. 


G1/G2 
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KOVAR LEA 
Au PLATED 


2.59 (0.102) 
2.06 (0.081) 





LID DIA. 0.58 (0.023) 
CATHODE 0.43 (0.017) 


0.20 (0.008) | 
0.10 (0.004) 0.89 (0.035) 
y — 0.64 (0.025) 


DS, ШЕШЕН 0.18 (0.007) 
| i 0.08 (0.003) 
c— : c 


H2 


LID DIAMETER 
2: 228 12. 102) 
0.081) 













0.58 (0.02 
0.43 (0.017) 
2.69 (0.106) БЕ? 
2.34 (0.092) 2 | | 
SQUARE і e 
| 4.57 (0.180) — _ 
0.20 (0.008) м. 
0.10 (0.004) 0.89 (0.035) 
: 0.025 
0.15 (0.006) т „= 
0.08 (0.003) т 
| H4 
PIN IDENTIFIERS 
2.5 TYP 
(0.100 TYP) 
GND Vaer GND 
|. Lj 
CLKin ВО 
5.7 
Ves LLL SM 0620, 
Vin LLU 
11.4 SO 
(0.450 SQ) 
0.10 TYP 
(0.004 TYP) 3.6 MAX 
(0.140 MAX) 
S Ей IN. ) 
T. | | 0.5 TYP 
' (0.020 T YP) 0.00 (0.000) 000) 
14.4 0.16 6 (0.006) 006) 





(0.566) 
15.7 REF 
(0.620 REF) 


NOTE: BOTTOM OF PACKAGE IS PRIMARY GROUND CONTACT. 
ALL DIMENSIONS IN MILLIMETERS (INCHES). 


HBIC-0512 


All dimensions in millimeters (inches), except where noted. 
For complete package specifications refer to individual product specification sheets. 
Drawings are not to scale. 





V1 DC 








EV AELUVETSSMSAMS КК. 





oir 


T 


L^ 





СТК 


co nbs oom: 


DIMENSIONS IN MICROMETERS E! 
HMMC-1001 


995 1070 































886 — 
730 — | 730 
в—|! < | wey LE res 
0 MENS PrP PDIP PIP SESS HST ISS SS SS SS SSS SSS HS SS SSS SSS 
| | АП Dimensions іп microns 
0 535 АЛ Pad Dimensions аге 75 x 75 um 
Chip Thickness is 130 +/- 10 ит 
HMMC-2006 
VoD 








AUX. DRAIN 


R.F.INPUT 


780 і тинн TAT ишш 
770 $ " E [25 3 I $ = 2 HI KJO 


ALL DIMENSIONS IN MICRONS 
RECTANGULAR PAD DIMENSIONS: 75 x 75 um 690 
OCTAGONAL PAD DIMENSIONS: 90 um DIA. 


CHIP THICKNESS: 120 - 140 um 
HMMC-5022/5026 
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183 (7.2) 
178 (7.0) 








270 (10.6) | 

190 (7.5) 

636 (25.0) 9 (0.4) 
626 (24.6) d | | 7 (0.3) 








L = 0.1 nH 


HSCH-9101 


115 (4.5) 

105 (4.1) | 
280 (11.0) 
200 (7.8) 






— T| 


346 (13.6) | 
266 (10.5) 


712 (28.0) | 9105 
702 (27.6) | | (0.3) 


60 (2.4) 
50 (2.0) 


183 (7.2) 
178 (7.0) 





















L = 0.1 nH 
HSCH-9201 
280 (11.0) 
$ 200 (7.8) 
125 (4.9) 
115 (4.5) 
183 (7.2) 270 (10.6) 
178 (7.0) 190 (7.5) 





636 (25.0) 9 (0.4) 
626 (24.6) === | 7 (0.3) 


L = 0.1 nH 


DIMENSIONS IN ит (1/1000 inch) 


HSCH-9251 





All dimensions in millimeters (inches), except where noted. 
For complete package specifications refer to individual product specification sheets. 
Drawings are пої to scale. 


125 (4.9) 
105 (4.1) 


183 (7.2) 
178 (7.0) 
LN | 746 (29.4) 


756 (29.8) 
| 125 (4.9) ` 


105 (4.1) 













390 (15.4) 
310 (12.2) 


346 (13.6) 183 (7.2) 
266 (10.5) 178 (7.0) 


712 (28.0) 9 (0.4) 
| | 702 (27.6) | | 7 (0.3) 








HSCH-9301 


125 (4.9) 
105 (4.1) 


183 (7.2) 





178 (7.0) 





| 125 (4.9) 


105 (4.1) 


756 (29.8) 
746 (29.4) 







390 (15.4) 
310 (12.2) 





346 (13.6) 
266 (10.5) 


183 (7.2) 








to 
22 856 (0.140) 4 






3.17 (0.125) 
ALL LEADS 


0.38 (0.015) _ | | 
0.30 (0.012) 


45-4, 
3.56 (0.140) ee dl 


3.17 (0.125) 
ALL LEADS 


С 





[] 


0.38(0.015) — _ | [+ 952210919, 
0.30 (0.012) | 


` CPpjag = 0.06 pF 


1.270 (0.050) 





| | 
0.48 (0.019) [ 
0.33 (0.013) ^"! 


Срдру = 0.08 pF 


J3 


1.80 (0.071) [ p 
1.65 (0.065) 
1.96 (0.077) 
C) 1.60 (0.063) 
OCTAGON 


0.33 (0.013 013) ^! J 


J4 





178 (7.0) 


712 (28.0) _ 9 (0.4) 
| PF mma (27.6) — | 7 (0.3) 
] 60 (2.4) 


50 (2.0) 
HSCH-9351 
0.13 (0.005) 
0.07 0.003 
—>| — (012) s 1.07 (0.042) 
0.30 (0.012 TF 
45° (1 1.80 (0.071 ш [" 6 (0.030) 
b 1.65 (0.065 ш 
ты 1.96 (0.077) 
1.60 (0.063) 
— 
3.56 (0.140) 
3.17 (0.125) 
0 ALL LEADS 
0.48 (0. 0.019) 
0.33 (0.013) 
Ср = 0.07 pF 
J2 


o _ 60° 







2.030 (0.080) MAX. 
2 PLCS. 


MAX. T 

3.302 (0.130) 
2.286 (0.090) ` 
2 PLES. `` 

8.636(0.340) ` 

6.604 (0.260) 

| 2.286 (0.090) MAX. 

z 2 PLCS. 


| 0.102 (0.004) 
. 0.051 (0.002) 
0.381 (0.015) 0,457 (0.018 2 PLCS. 
MAX 0.305 (0.012) 


LC 2 
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All dimensions in millimeters (inches), except where noted. 
For complete package specifications refer to individual product specification sheets. 
Drawings are not to scale. 









1.270 (0.050) 
MAX. s 
3.302 (0.130) 
2.286 (0.090) 
3 PLCS. 2.030 (0.080) MAX. 
| 2 PLCS. 
8.636 (0.340) 
6.604 (0.260) 
2.286 (0.090) MAX. 
2 PLCS. 
0.102 (0.004) 
— 0.051 (0.002) | | | DIMENSIONS | 
0.905 (0.012) aou 


















































A 1.35 (0.053) 1.75 (0.068) 
A1 0.10 (0.004) 0.25 (0.0098) 
LC 3 B 0.35 (0.0138) 0.49 (0.0192) 
C 0.19 (0.007) 0.25 (0.0098) 
D 9.80 (0.386) 10.00 (0.394) 
E 3.80 (0.150) 4.00 (0.157) 
e 1.27 BSC (0.050) 
карр \ H 5.80 (0.228) 6.20 (0.244) 
° h 0.25 (0.010) 0.50 (0.020) 
L 
C 


0.40 (0.016) 
0° 


1.27 (0.050) 
8° 





2.030 (0.080) MAX. 
2 PLCS. 


8.636 (0.340 
6.604 (0.260) 


SO-16 







Li 3.302 (0.130 R 
2.286 030 | 


4 PLCS. 


2.286 (0.090) MAX. 20 19 18 17 16 15 14 13 12 11 
2 PLCS. 
[a 0:102 (0.004 
0.051 (0 002) 
0.381 (0.015) 0.457 (0.018) |, pics. 
0.305 (0.012) 
MAX. 
LC 4 


3.81 (0.150) REF. 





1.27 (0.050) TYP. 8° C 





di 


5.59 (0.220) 
5.08 (0.200) 


7.9 (0.310) 
7.4 (0.290) 


2.35 (0. mu 








SYMBOL 













2.65 (0. w 
























0.10 (0.004) | 0.30 (0.012) 
| 1 4 0.35 (0.014) | 0.49 (0.019) 
| С 0.23 (0.009) | 0.31 (0.012) 
INSIDE R À 0-79 (0.31) D 12.6 (0.496) | 13.0 (0.512) 
| 0.008-0.011 TYP. 0.53 (0.021) E 7.40 (0.291) | 7.60 (0.299) 
} | ° 1.27 BSC (0.050) 
1.78 (0.070) 0.18 (0.007) L H 10.26 (0.404) | 10.65 (0.419) 
1.27 (0.050) 0.08 (0.003) h .0.50(0.020) | 0.75 (0.030) 
Lod # L 0.86 (0.034) 1.07 (0.042) 
0 0 8 





L. 13 (0.005) MAX. 


0.43 (0.017) MEETS JEDEC OUTLINE DIMENSIONS. 


0.33 (0.013) DIMENSIONS ARE IN MILLIMETERS (INCHES). 


TYP. 


SOIC 8 SO-20 
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Tape and Reel Packaging for 





Technical Data 


Description 
This data sheet is intended to 
cover standards on tape and 
reel packaging for Hewlett- 
Packard Communications 
Components Division (CMCD) 
semiconductor devices. This 
type of tape and reel packaging 
_ is designed to be compatible 
with available automated pick 
and place machines. 


1. Package Outlines 


05: 145 mil Surface Mount 
Plastic (B) 


0.89 (0.030) -- [a 








0 ин (0.030) О!А. 


0.76 + 0.25 
(0.030 + 0.010) 


(4PLCS.) 
3.42 + 0.25 0.76 (0.030) 
(0.135 + 0.015) | 












. 0.013 + 0.25 
(0.0005 : 0.010) 


(0.008 + 0.002) 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 


| À 250025 — 
0.20 + 0.05 (0.100 + 0.010) 


semiconductor Devices 


. Package Outlines 
05, 08A, 23, 36 
76, 84, 86, and 143 





Related Standard 


EIA RS481, "Taping of Leadless 
Components for Automatic 
Placement." In case of conflict 
regarding MSD product, this 
data sheet will govern. 


08A: Plastic SO-8 


4.98 (0.196) _ 


ь — — — = 


4.80 (0.189) 






| 





3.99 (0.157) 5.461 6.20 (0.244) 
3.81 (0.150) (0.215) 5.82 (0.229) _ 





0.48 (0.019) , 
a Ч 
02000000 ue d 1.37 1 3710050 
B (0.004) 
0 DEG. MIN. __{ 






8 DEG. MAX. 


. NM 0.020 (0.013) 
` 0.51 (0.33) 


NOTE: 
DIMENSIONS ARE IN MILLIMETERS (INCHES). 


TE 


1.27 
(0.050) 
TYP. 





0.18 (0.007) 
1.27 (0.050) 
0.41 (0.016) 


0:178 (0.007) MIN. 
0.244 (0.229) - 


5.461 (0.215) MAX 
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_1.91 (0.075) 


1. Package Outlines (cont.) 
Outline 23B (SOT-23) 


LOW PROFILE 


TOP VIEW 
1.02 (0.040) 


» bes 0.89 (0.035) 


0.54 (0.021 
0.37 (0.015) 








PACKAGE 
MARKING 
CODE 


1.40 (0.055) 
1.20 (0.047) 






2.04 (0.080) 
1.78 (0.070) 


SIDE VIEW 


3.06 (0.120) 
2.80 (0.110) 


— 


1.02 (0.041)* 


1 нк ды. 


0.10 (0.004) 
0.013 (0.0005) 


END VIEW 


2:55 (0.104) 0.69 (0.027) 
.10 (0.083) 0.45 (0.018) 


0.152 (0.006 „| 
0.086 (0.003) 


*STANDARD PROFILE OPTION: 
WITH MIN./MAX. OF 

0.85/1.20 MILLIMETERS, 
0.033/0.047 INCHES. 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 


Outline 143 (SOT-143) 


LOW PROFILE 


0.92 (0.036) 
0.78 (0.031) 





0.10 (0.004)** 
0.013 (0.0005) 


*STANDARD PROFILE OPTION AVAILABLE FOR DIODES: 
WITH MIN./MAX. OF 0.85/1.20 MILLIMETERS, 

0.035/0.047 INCHES; 

**STANDARD PROFILE OPTION AVAILABLE FOR DIODES: 
WITH MIN./MAX. OF 0.10/0.25 MILLIMETERS, 

0.004/0.010 INCHES. 


0.15 (0.006) 
0.09 (0 Ph 


Á N 
0.69 (0.027) 
abs .018) 


0. sl 


Not ) 
2.108 (0.083) 





DIMENSIONS ARE IN MILLIMETERS (INCHES) 
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1. Package Outlines (cont.) 
36: Short Lead micro-X (B, D) 84: Short Lead 85 mil Plastic (D) 


2.15 
(0.085) 






2.11 (0.083) DIA. 





1.45 + 0.25 
(0.057 + 0.010) 












0.15 + 0.05 == 
| (0.006 + 0.002) E 0.20 + 0.050 
d (0.008 + 0.002) 
3 1.52 + 0.25 
| | | (0.060 + 0.010) ——À — 


т 


(0.022) 4.57 + 0.25 
(0.180 + 0.010) 






5.46 + 0.25 
(0.215 + 0.010) ` 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 
DIMENSIONS ARE IN MILLIMETERS (INCHES) 


46: 70 mil Ceramic Outline 86 


0.51 (0.020) — - 
4 








2.43 (0.107) 
1.96 (0.077) 





3.05 (0.120) 
2.16 (0.085) | є 
aa | 2.16 ` | 
j | 0.085) - 
un ( ) 0.25 (0.010) 


0.15 (0.006 


| 
(0.041) . [* (0.070) | 
| | | 0.10 1.77 (0.070) | | Pus 


} кы - | 1.27 (0.050) 


0.66 
(0.026) 


5.28 
(0.208) 


ca 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 


DIMENSIONS ARE IN MILLIMETERS (INCHES) 
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2. Tape Dimensions 


For Outlines 23B and 143 


| TM | о р 10 PITCHES CUMULATIVE 
" 2 TOLERANCE ON TAPE + 0.2 MM 


COVER TAPE 






WHE + т d w 


















EMBOSSMENT CENTER LINES OF CAVITY 
Outline 23B and 143 к 4 
Cavity Length Ао 3.15 + 0.15 — 0.124 + 0.006 
Width Во | _ 2.65 + 0.25 © 0.104 + 0.010 
Depth 1.30 + 0.10 0.051 + 0.004 
Pitch 4.00 + 0.10 0.157 + 0.004 





Bottom Hole Diameter 1.00 min. 


Perforation Diameter 1.55 + 0.10 
Pitch 4.00 + 0.10 
Position 1.75 + 0.10 
Cover Tape Width C 5.40 + 0.25 0.205 + 0.010 
Tape Thickness T, 0.064 + 0.01 0.003 + 0.0004 
Carrier Tape Width . | i W 8.00 + 0.2 0.315 + 0.008 ` 
Thickness t 0.30 + 0.05 0.012 + 0.002 


Distance Cavity to Perforation 3.50 + 0.10 0.138 + 0.004 
(Width Direction) | 
Cavity to Perforation _ 2.00 0.05 
(Length Direction) | | 


Notes: 
1. Metric dimensions will govern. 
2. Drawing is not to scale. 


0.04 min. 





0.061 + 0.004 
0.157 + 0.004 
0.069 + 0.004 

















0.079 + 0.002 
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2. Tape Dimensions (cont.) 


For Outline 05 





For Outline 08A 





For Outlines 36, 76, 84, and 86 
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Package 05 


^  . Description 


Size (inches) 






































Length 6.10 + 0.10 0.240 + 0.004 
Width ` 6.10 + 0.10 0.240 + 0.004 
Depth | 3.18 + 0.10 0.125 + 0.004 
Pitch u 12.00 + 0.10 0.472 + 0.004 
Bottom Hole Diameter . 1.50 min. 0.059 min. 




















Perforation . Diameter 40.004. 
— | E 0.059 — 0.002 
Pitch = 0.157 + 0.004 






Position 


| 0.069 + 0.004 
Cavity to Perforation 















Distance Between 







2.00 + 0.05 0.079 + 0.002 
Centerline (Length Direction) LEE 
ur  Cavity to Perforation 0.217 + 0.002 

















. 5.50 + 0.05 
(Width Direction) ae fe d 
Width . 
| Thickness 
_ Width 
Thickness 









9.30 + 0.10 


0.366 + 0.004 
0.065. + 0.01 | 0.003 + 0.0004 
12.00 + 0.20 0.472 + 0.008 
t 0.30 + 0.05 0.012 + 0.002 
Package 08A (SOIC 8) 


Cover Tape 


Carrier Таре 
















Cavity Length A 6.4 + 0.10 0.254 + 0.004 
Width B 5.1+ 0.10 0.202 + 0.004 
Depth K 2.1+ 0.10 0.083 + 0.004 
Pitch P, 8.0 + 0.10 0.315 + 0.004 
Bottom Hole Diameter D, 1.50 min. 0.059 min. 





Perforati Di te D 0.10 0.004 
erforation lameter О 15 + 0.059 * 
-0.0 -0.0 
Pitch Po 4.0 + 0.10 0.157 + 0.004 
Position E 1.75 + 0.10 0.069 + 0.004 






Cavity to Perforation 
(Length Direction) 
Cavity to Perforation 
(Width Direction) 


Cover Tape | Width C 9.2 + 0.1 0.362 + 0.004 
Thickness T 0.051 + 0.01 0.002 + 0.0004 
Carrier Tape Width W 12.0 + 0.3 0.472 + 0.012 
Thickness t 0.290 + 0.025 0.011 + 0.001 


Distance Between 
Centerline 


Р» 2.0 + 0.05 0.079 + 0.002 


F 5.5 + 0.05 0.217 + 0.002 
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Package 36, 76, 84, 86 


Symbol Size (inches) 





























Length A 5.77 + 0.10 0.227 + 0.004 
Width B 6.10 + 0.10 0.240 + 0.004 
Depth K 1.70 + 0.10 0.067 + 0.004 
Pitch. P, 8.00 + 0.10 0.314 + 0.004 
Bottom Hole Diameter D, 1.50 min. 0.059 min. 
Perforation Diameter Dg +0.10 . 40.004 
1.50 -0.05 0.059 -0.002 
Pitch Pg 4.00 + 0.10 0.157 + 0.004 
Position E 1.75 + 0.10 0.069 + 0.004 











Distance Between Cavity to Perforation 2.00 + 0.05. 0.079 + 0.002 
Centerline (Length Direction) | 
Cavity to Perforation 5.50 + 0.05 0.217 + 0.002 
(Width Direction) 


Cover Tape Width C 9.30 + 0.10 0.366 + 0.004 
| Thickness T 0.065 + 0.01 0.003 + 0.0004 

Carrier Tape Width W 12.00 + 0.20 0.472 + 0.008 
š Thickness t 0.30 + 0.05 0.012 + 0.002 
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3. Reel Dimensions 


For Outlines 23B and 143 






HEWLETT 
PACKARD 


C.O. 
OPTION 





IDENTIFICATION TAG 
(EXAMPLE ONLY) 


SER DIRECTION T 


| U 
_ OFFEED | 
© “ыы СОМЕН ТАРЕ 


CARRIER 
TAPE 





_ REEL 


Q 
5. 
2 
© 
X 
= 
z 
fa 
іші 
UN 
CO 


E 
C 
© 
імені 
i 
pad о 
N 
е 0 
т 
БЕ 
о о 
= 
it 
нде 
к 
= Ф 
— 
E 
i 
о © 
= 


Flange| Diameter 


| 330 + 2.0 

Thickness Maximum 

| 9.50 + 1.0 | 0.374 + 0.040 
іт. 





KeySlit|Widh | в | 20505 [0.079+0.020| 15min | 0.059 шіп | 
| |  |Deph  - 4050.5 | 0.16+0.020 | 4.0+0.5 | 0.16 + 0.020 
___ [оа | 9 | 1205| | 120°+5°|] — 5 
Notes: 
1. Metric dimensions will govern. 3. Diodes available on 7" reels only. 
2. Drawing is not to scale. 4. Monolithic amplifiers and transistors available on 7" (-TR1) and 13" (-TR2) reels. 
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3. Reel Dimensions (cont.) 
For Outlines 05, 08A, 36, 76, 84, and 86 


REEL 


TAPE 





FEED 
DIRECTION 


COVER TAPE 










































7" Reel 
Flange Diameter 178 + 2.0 7.0 + 0.079 
Thickness 18.4 max. 0.724 max. 
л, +2.0 +0.08 
Space Between Flange 12.4 00 0.488 00 
Outer Diameter A 55 min. 2.16 min. 
Spindle Hole Diameter C 13.0 + 0.2 0.512 + 0.008 
Key Slit Width W 1.5 min. 0.059 min. 
Diameter S 20.2 min. 0.795 min. 
13" — 


x Desripion ° 


Diameter 
Thickness 


Space Between Flange 


Outer Diameter 

Spindle Hole Diameter 

Key Slit Width | 
Diameter 












D 330 + 2.0 13.0 + 0.079 
T 18.4 max. 0.724 max. 

+2.0 +0.08 
B 12.4 00 0.488 -0.0 
A 63 min. 2.48 min. 
C 13.0 + 0.2 0.512 + 0.008 
W 1.5 min. 0.059 min. 
S 


20.2 min. 


0.795 min. 
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4. Packing - Leader and Trailer 
For Outlines 23B and 143 mE 





SITE IS Eee MEET 
5 0 O © 0.0009 OO 0 60 OO OO о о о 


== 
| Ww rararara ram a a пал ся — Гел гел сл ся г 
" toes tots L4 S Bl; B; а и, а, а, и, а И, | 
5-22-24 О И 25257-22 “222 22 


— See ea 
UNSEALED SEALED 


COVER TAPE COVER TAPE 
TRAILER 
















гаглгаглаглаглглагагт 
tL35LJu.LJuLJuLJucaLoLaca2 






UNSEALED 
COVER TAPE 


SEALED COVER TAPE 


SEALED COVER TAPE 
WITH 3,000 COMPONENTS 


NO COMPONENTS NO COMPONENTS 


a / 
| SOT Tr TT TT TT Tad aT a Td Tad TS агт 






ETE | | . | Specification (mm) | Specification (inches) 
i | Item (minimum) (minimum) 
Leader | Unsealed Cover Tape 20 0.79 
Sealed Cover Tape with Empty Cavities 160 6.30 
Trailer | Unsealed Cover Tape 20 0.79 
Sealed Cover Tape with Empty Cavities 120 | | 4.72 


Packing 
For Outlines 05, 08A, 36, 76, 84, and 86 


e оо о о о | O о | 
i [70000007088 шан (в p [ш] Cn (ar (а (ШГІГІГІСІГІГІГІГІГІГІГІГІП 00 


TRAILER LEADER 








SEALED COVER TAPE DEVICES - | SEALED COVER TAPE 
WITH EMPTY CAVITIES WITH EMPTY CAVITIES 
8 INCHES MINIMUM 8 INCHES MINIMUM 
(203 MM MINIMUM) (203 MM MINIMUM) 
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5. Materials 


For Outlines 23B and 143 
А. Carrier Tape: 

Static dissipative: 

Polystyrene 

Surface resistivity: 

107 Q/square maximum 

B. Cover Tape: 

Antistatic semi-transparent 

polyester 
C. Reel: 

Cardboard (7") 

Plastic (13") 


6. Device Orientation 

and Ordering 

Information for Diodes 

For Outlines 23B and 143 

Standard Profile: 

Option T30 - Bulk 

Option T31 z Tape and Reel, 
See Figure 1, 3 

Option T32 = Tape and Reel, 
See Figure 2, 4 


Low Profile: 

Option L30 = Bulk 

Option L31 = Tape and Reel, 
See Figure 1, 3 

Option L32 = Tape and Reel, 
See Figure 2,4 


TOP VIEW 





Figure 1. Options T31, L31 for SOT-23 Packages. 


For Outlines 05, 08A, 36, 76, 84, and 86 
A. Carrier Tape: 

Conductive PVC 

Surface resistivity: 

1.8 x 10° O/square 

B. Cover Tape: | 

Semi-transparent polyester 
C. Reel: 

Plastic 


Specify Part Number followed by Option Number 


Example: 


T. Bulk or Tape and Reel Option 
Profile: Standard = T, Low = L 
Part Number 

Prefix* 





*AT = Transistor 


MSA = Monolithic Silicon Amplifier 
HSMS = Surface Mount Schottky SOT 23/143 
HSMP = Surface Mount PIN SOT 23/143 


Conforms to Electronic Industries Standard RS-481 “Taping of 


Surface Mounted Components for Automated Placement.” Standard 


Quantity is 3,000 Devices/Reel for SOT-23/143. 


END VIEW 





Figure 2. Options T32, L32 for SOT-23 Packages. 
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6. Device Orientation and Ordering Information (cont.) 















TOP VIEW END VIEW 
О О О О 


н gorge 


Figure 3. Options T31, L31, -TR1, -TR2 for SOT-143 Figure 4. Options T32, L32 for SOT-143 Packages. 
Packages. 





For Outlines 05, 08A, 36, 76, 84, and 86 
Tape-and-Reel Options Package 08A 
Package 05 








O O O O O O O O 


HLH HE ELE НЕ 


12 mm 





NOTE: 1.INDICATES PIN 1 ORIENTATION. 


Part Number Ordering Information 
Package | Tape Width | Reel | Devices | Part Number 
Style (mm) Size | per Reel Suffix 
Package 05 12 7" 5,000 -TR1 
12 13" 1,500 -TR2 
Package 08A, 12 7" 1,000 -ТВ1 
36, 74, 84, 86 12 13" 4,000 -TR2 
Package 143 12 7" 3,000 -TR1 
12 13" 10,000 -TR2 
Notes: 
1. Minimum order quantity is one (1) reel. 


2. Orders are required to be in increments of the single reel quantity. 
3. To order, specify the device part number followed by the appropriate suffix. 











(for AT's 
and MSA's) 








Examples: 
Package 05 Package 36 Package 86 
13" reel 7" reel 13" reel 


1,500 devices/reel 1,000 devices/reel 4,000 devices/reel 
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Cross Referral to 
Avantek, Inc. Pro ducts 


In 1991, Hewlett-Packard 
acquired Avantek, a company 
well known for its microwave 
products. The combination of 
these two organizations pro- 


vides Hewlett-Packard with the | 


complementary technologies, 

_ products, manufacturing, and 
customer support skills to 
provide broad based component 
solutions to the worldwide 

_ communications, defense, and 
instrumentation industries. 


In addition to the products 
contained in this catalog, = 
Avantek, Inc., a subsidiary of | 
Hewlett-Packard offers the 
following RF, microwave, and 
millimeter wave products. 


Microwave and 
Millimeter Amplifiers 
Avantek produces microwave/ 
millimeter-Wave amplifiers 
operating at frequencies through 
60 GHz. These products include 
low-noise, wideband amplifiers; 
GaAs FET thin-film limiting 
amplifiers, temperature- 
compensated GaAs FET 
amplifiers; wideband, medium- 
power amplifiers; solid-state 
TWT replacement amplifiers 
and communications- and 
radar-band amplifiers for low- 
noise preamplification, medium- 
power driver and high-power 
output applications. 


Included іп Avantek's compre- | 
hensive line of amplifiers are: | 


е Gain Modules — РСМ series . 


packaged gain modules, 
microstrip compatible 
LAVPAK, 2-20 GHz. 


* Small Signal Amplifiers — 


frequencies up to 20 GHz, and ` 


power levels up to +23 dBm at 
1 dB gain compression. Wide 
band widths, octave and 
multi-octave. 

Millimeter Wave Ampli- 
fiers — low end frequencies 
starting at 18 GHz. All 
bandwidths and power levels 
to 45.5 GHz. 

Wideband Power Ampli- 
fiers — frequencies up to 20 


JA GHz, and power output levels 


| greater than +23 dBm at 1 dB 
gain compression. Wideband 
and narrowband. 
Communications Amplifier 
| Products — LNAs and Power 
Amplifiers for satellite, 
terrestrial, and cellular | 
communications. 
Output Limiting ` 
Amplifiers — power output 


minimum-maximum boxes of 


less than 7 dB (less than 6 dB 


for octave band) specified over ` 
. wide input power ranges. | 
* Low Noise Amplifier (LNA) 


— Frequencies up to 20 GHz - 
апа bandwidths up to 33% ` 


with very low noise figure n 


requirements. 


_ These amplifiers are all built to 
. Avantek standards, the highest 


in the industry. They are suit- - 
able for application in the most. 


rugged of commercial, military, 


and aerospace systems. Avantek 
continues to develop new and - 
upgraded microwave and 
millimeter wave amplifiers, and 
to introduce theni.as standard. . 


_ products. 


15-2 


Modular and Oscillator 
Components 

Avantek modular products are 
miniature, functional blocks 
designed to operate in standard 
50-ohm environments, for 
incorporation in microwave 
systems. These products are | 
packaged in TO-8, TO-39 and 
TO-12 hermetic metal cans, the ` 
unique PlanarPak surface- 
mount package, the Avanpak 
miniature flatpack and dual- 


. inline packages. Avantek's 
.. extensive range of Modular and 
D Oscillator Components includes: | 


79 ТЕВЕ amplifiers, TO- 8 and 


. PlanarPak packages: 10 MHz е | 
to2GHz 0 Е 


15 Surface-mount ingen: 


PlanarPak package: 1 to 18- 
GHz ` 
• AGC amplifiers, TO-3 апа: 


ТО-8 расКарев: 5 їо 1000 MHz 2 
ө Limiters, TO-8, DIP and | 


PlanarPak packages: " to 
1000 MHz 


. * Amplifiers, даша 


miniature flatpack: 10 MHz to 
4 GHz a 

* Low-cost TO-12 to TO-39- 
amplifiers: 0. 1 T" to 1500 
MHz 


° Voltage-controlled din 


ators, TO-8 and PlanarPak 
packages: 5 MHz to 2 GHz 


° Level and threshold detectors, 


TO-8 and PlanarPak | 
packages: 10 MHz to 2 GHz 
° Power splitters, Avanpak . 
package: 2 to 18 GHz 
* Mixers, Avanpak, Planarpak 
and TO-8 package: 0.75 to 18 
GHz 


ө Мерен ера: dcm 


package: 0.5 to 18 GHz input 


е PIN diode switches, Avanpak 
package: SPST through SP5T, 


reflective and non-reflective: 2 


to 18 GHz 
е Limiters, Avanpak, TO-8, TO- 
12 packages: 2 to 18 GHz 


Signal Sources 

• Varactor-tuned oscillators 
(VCOs): 300 MHz to 18 GHz 

° Dielectric Resonator oscilla- 
tors: fixed; mechanically- and 
electrically-tunable: 3 to 
18GHz | 

ө YIG-tuned oscillators: 1 to 
50 GHz | | 
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e YIG-Filters: 0.5 to 26.5 GHz 


For information on any of these. 
products, call the Hewlett- 
Packard office nearest you and 
ask for a Components sales 
engineer. 





How To Order 


To order any component in this 
catalog or additional E 
applications information, call 
the HP office nearest you and 
ask for a Components 
representative. À complete 
listing of the U.S. sales offices is 
on page 15-12; offices located 
outside of the U.S. are listed on 
page 15-13. 


А worldwide listing of HP 
authorized distributors is on 
page 15-5. These distributors 
can offer off-the-shelf delivery 
for most Hewlett-Packard 
components. 


Warranty 


As an expression of confidence 
in our products to continue 
meeting the high standards of 
reliability and performance that 
customers have come to expect, 
Hewlett-Packard silicon and 
GaAs semiconductor products 
carry the following warranty. 


HP's Components are war- 
ranted against defects in 
material and workmanship for a 
period of one year from the date 
of shipment. If HP receives 
notice of such defects during the 
warranty period, HP will repair 
or, at its option, replace compo- 
nents that prove to be defective 
in material or workmanship 
under proper use during the 
warranty period. This warranty 
extends only to HP customers. 


NO OTHER WARRANTIES 
ARE EXPRESSED OR 
IMPLIED. HP SPECIFICALLY 


DISCLAIMS THE IMPLIED 
WARRANTIES OF MER- 
CHANTABILITY AND 
FITNESS FOR A PARTIC- 
ULAR PURPOSE. 


THE REMEDIES PROVIDED 
HEREIN ARE BUYER'S SOLE 
AND EXCLUSIVE REMEDIES. 
HP SHALL NOT BE LIABLE 
FOR ANY DIRECT, INDIRECT, 
SPECIAL, INCIDENTAL, OR 
CONSEQUENTIAL 
DAMAGES, WHETHER 
BASED ON CONTRACT, 
TORT, OR ANY OTHER 


J LEGAL THEORY. 


The foregoing limitation of 
liability shall not apply in the 
event that any HP product sold 
hereunder is determined by a 
court of competent jurisdiction 
to be defective and to have 
directly caused bodily injury, 
death, or property damage; 
provided, that in no event shall 
HP's liability for property 
damage exceed the greater of 
$50,000 or the purchase price of 
the specific product that caused 
such damage. 


Certification 


Some customers are especially 
interested in the test and 
quality assurance programs 
that HP applies to its products. 
These Hewlett-Packard pro- 
grams are documented in a 
Certificate of Conformance 
which is available upon request 
at the time of purchase. This 
certification states: 


We certify that the Hewlett- 
Packard Communications 
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Components Division devices 
were duly tested and inspected 
prior to shipment and that they 
met all of the published 
specifications for these devices. 


Hewlett-Packard's calibration 
measurements are traceable to 
the National Bureau of 
Standards to the extent allowed 
by the Bureau's calibration 
facilities. 


The Hewlett-Packard Quality 
Program satisfies the 
requirements of MIL-Q-9858A, 
MIL-I-45208A, MIL-S-19500, 
MIL-STD-45662A, and NASA 
NHB 5300.4 (1.C.). 


Service 


We firmly believe that our 
obligation to you as a customer 
goes beyond just the delivery of 
your new HP product. This 
philosophy is implemented by 
Hewlett-Packard in two basic 
ways: (1) by designing and 
building excellent products with 
good serviceability, and (2) by 
backing up those products with 
a customer service program 
which can respond to your needs 
with speed and completeness. 


The HP customer service 
program is one of the most 
important facets of our world- 
wide operations, providing a 
local service capability in many 
of our field offices (listed on 
pages 15-12, 15-13). Indeed, this 
customer service program is one 
of the major factors in Hewlett- 
Packard’s reputation for 
integrity and responsibility 
towards its customers. 
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HP Components 
Authorized Distributor 
and Representative Directory 


Alabama 
Arrow/Schweber 
Electronics! 12 

1015 Henderson Road 
Huntsville 35816 
(205) 837-6955 


Hall-Mark Electronics!12.3] 
4890 University Square 
Suite 1 

Huntsville 35816 

(205) 837-8700 


Hamilton/Avnet 
Electronics!) 

4960 Corporate Drive 
SuiteH о 
Huntsville 35805 
(205)837-7211 


Newark Electronics! 2] 
1-800-367-3573 


Penstock, Їпс.Ї23] 
1-800-PENSTOC 


Arizona 
Arrow/Schweber 
Electronics!1?] 
2415 W. Erie Drive 
Tempe 85282 

(602) 431-0030 


Hall-Mark Electronics12.3 
4637 S. 36th Place 
Phoenix 85040 

(602) 437-1200 


Hamilton/Avnet 
Electronics! i2! 

60 S. McKemy Road 
Chandler 85226 
(602) 902-4700 


Newark Electronics!) 
1-800-367-3573 


Sertek, Іос.12:3] 

2111 East Broadway Road 
Ste. 5 

Tempe 85282 

(602) 894-9405 


Notes: 

1. Optoelectronics 

2. RF Diodes/Transistors 

3. Microwave and Avantek 
Products 


California 
Arrow/Schweber 
Electronics!12] 

26777 W. Agoura Road 
Calabassas 91302 
(818) 880-9686 


Arrow/Schweber 
Electronicsi?) — 
6 Cromwell Street 
Ste. 100 . 

Irvine 92718 . 
(714) 587-0404 


Arrow/Schweber 
Electronicsi12] 

565 Ridgehaven Court 
San Diego 92123 
(619) 565-4800 


Arrow/Schweber 
Electronics! 1?! 
48834 Kato Road 
Ste. 103 
Fremont 94538. 
(510) 490-9477 


Hall-Mark Electronics 2:3! 


9420 Topanga Canyon Blvd. 


Chatsworth 91311 
(818) 773-4500 


Hall-Mark Electronics!12.3) 
1 Mauchly 

Irvine 92718 | 

(714) 727-6000 


Hall-Mark Electronics!1.2.3] 


580 Menlo Drive 
Ste. 2 

Rocklin 95677 
(916) 624-9781 


Hall-Mark Electronics!!2.3] ` 


3940 Ruffin Road 
Ste. B 

San Diego 92123 
(619) 268-1201 


Hall-Mark Electronics!12.3) 
2105 Lundy Avenue 

San Jose 95131 

(408) 432-4000 


Hamilton/Avnet 
Electronics!!! 

21150 Califa Street 
Woodland Hills 91367 
(818) 594-0404 


HEWLETT 
PACKARD 





Hamilton/Avnet 
Electronics! 1:2 

3170 Pullman Street 
Costa Mesa 92626 
(714) 641-4199 


Hamilton/Avnet 
Electronics!12] 
(Corporate Office) 


10950 W. Washington Bivd. 


Culver City 90230 
(310) 558-2000 


Hamilton/Avnet : 
Electronics!17] 

755 Sunrise Avenue ` 
Ste. 150 

Roseville 95661 

(916) 781-6614 


Hamilton/Avnet 
Electronics!12] 

4545 Viewridge Avenue ` 
San Diego 92123 . . | 
(619) 571-7510 


Hamilton/Avnet 
Electronics!1.2] 

1175 Bordeaux Drive 
Sunnyvale 94089 
(408) 743-3300 


Newark Electronics!12] 
1-800-367-3573 


Penstock, Іпс./%31 
(Corporate Office) 
520 Mercury Drive 
Sunnyvale 94086 
(408) 730-0300 


Penstock, Inc. 23] | 
1100 Glendon Avenue 
Penthouse Suite 
Westwood 90024 

(310) 208-2877 


Penstock, Іос.12:3] | 
30856 Agoura Road, A4 
Agoura Hills 91301 
(818) 879-8374 
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Penstock, Inc./23] | 
5850 Oberlin Drive + = 
Ste. 208 x x 
San Diego 92121 

(619) 535-3015 - 


Sertek, Inc23] | 
(Corporate Office) 

3481 Old Conejo Rd. 
Newbury Park, СА 91320 
(805) 375-6680 


Colorado 


Arrow/Schweber 
Electronics?! 

61 Invernes Drive East . 
Ste. 105 

Englewood 80112 

(303) 799-0258 


Hall-Mark Е]есігопісв(1:2,3) | 
12503 East Euclid Drive. 
Ste. 20 | 
Englewood 80111 

(303) 790-1662 


Hamilton/Avnet 
Е!есітопісв 121 | 

9605 Maroon Circle 
Ste. 200 
Englewood 80112 
(303) 799-7800 


Newark Electronics!!! 
1-800-367-3573 


Penstock, Inc.!23) 
(303) 421 7161 


Sertek, Inc. 
1-800-334-7127 


Connecticut | 
Arrow/Schweber 
Electronics!!.2] 

12 Beaumont Road 
Wallingford 06492 
(203) 265-7741 


Hall-Mark Electronics!12.3] 
125 Commerce Court 

Unit 6 

Cheshire 06410 

(203) 271-2844 


Hamilton/Avnet 
Electronics!!! 

Still River Corporate Center 
55 Federal Road ` 
Danbury 06810 

(203) 797-2856 





Newark Electronics?! 
1-800-367-3573 


Penstock, Inc.!2.3] 
1-800-PENSTOC 


Sickles Distribution Sales!2.3] 
(617) 246-4442 
(617) 862-5100 


Florida E 
Arrow/Schweber 
Electronics!!! 

37 Skyline Drive 
Ste. 3101 

Lake Mary 32746 
(407) 333-9300 | 


Arrow/Schweber | 
Electronicsi?] 

400 Fairway Drive 
Deerfield Beach 33441 
(305) 429-8200 


Hall-Mark Electronicsl!.2;3) 
489 Semoran Blvd. 
Ste.145 | 

Casselberry 32707 

(407) 830-5855 


Hall-Mark Electronics!12.3] 
10491 72nd Street North 
Largo 34647 

(813) 541-7440 


Hall-Mark Electronics!12:2) 
3161 S.W. 15th Street | 
Pompano Beach 33069. 
(305) 971-9280 


Hamilton/Avnet 
Electronics!12] 

7079 University Blvd. 
Winter Park 32792 
(407) 628-3888 


Newark Electronical!) 
1-800-367-3573 


Penstock, Іпс.1231 
1-800-522-2012 


Penstock, Іпс.1231 

2655 Kirby Avenue, АЕ. 
Ste. 2 

Palm Bay 32905 

(407) 724-5300 


Notes: 

1. Optoelectronics 

2. RF Diodes/Transistors 
3. Microwave and Avantek 


Products 


Georgia 
Arrow/Schweber 
Electronics!!! 

4250 East River Green 
Parkway 

Duluth 30136 

(404) 497-1300 


Hall-Mark Electronics!!2.3] 
3425 Corporate Way 

Ste. À 

Duluth 30136 

(404) 623-4400 


Hamilton/Avnet 
Electronics!1?! 

3425 Corporate Way 
Ste. G ! 
Norcross 30136 
(404) 623-5475 


Newark Electronics?! 
1-800-367-3573 


Penstock, Inc.1:2,3) 
6600 Interstate North 
Parkway | 

Ste. 475 

Atlanta 30328 

(404) 951-0300 


Illinois | 
Arrow/Schweber 
Electronics] 

1140 West Thorndale Avenue 
Ithaca 60144 | 
(708) 250-0500 


Hall-Mark Electronics!2:3] 
210 Mittel Drive 
Wooddale 60191 

(708) 860-3800 


Hamilton/Avnet 
Electronics!1?! 

1130 Thorndale Avenue 
Bensenville 60106 
(616) 243-8805 


Newark Electronics!!! 
(Corporate Office) 

4801 М. Ravenswood Avenue 
Chicago 60640 
1-800-367-3573 


Penstock, Inc.!2,3] 

1250 West Northwest меч 
Ste. 105 

Palatine 60067 

(708) 934-3700 


Indiana 

Arrow/Schweber 
Electronics?! 

7108 Lake View Pkwy West 
Dr. 

Indianapolis 46268 

(317) 843-1050 


Hall-Mark Electronics!!-.3] 
4275 W. 96th Street 
Indianapolis 46268 

(317) 872-8875 


Hamilton/Avnet 
Electronics 2 _ 

655 West Carmel Drive 
Ste. 160 

Carmel 46032 

(317) 884-9533 


Newark Electronics?! 
1-800-367-3573 


Penstock, Inc.123! u 
3304 Mallard Cove Lane 
Fort Wayne 46804 

(219) 447-5526 


Iowa 


Hamilton/Avnet | 
Electronics?! 

2335-A Blairs Ferry Road 
N.E 


Cedar Rapids 52402 
(319) 393-0033 ` 


Newark Electronics?! 
1-800-367-3573 


Penstock, Inc.!2;3] 
1-800-PENSTOC 


Kansas | 
Arrow/Schweber | 
Electronics!) 
9801 Legler Road 


Lenexa 66219 
(913) 451-9542 


Hall-Mark Electronics!12.3] 
10809 Lakeview Drive 
Lenexa 66215 

(913) 888-4747 


Hamilton/Avnet 
Electronics?! | 
15313 West 95th Street 
Lenexa 66219 

(913) 541-7921 


Newark Electronics?! 
1-800-367-3573 


Penstock, Inc.123! 

304 S. Clairborne Road 
Ste. 201 ` 

Olathe 66062 

(913) 829-9330 
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Kentucky | 


^ Hamilton/Avnet - 


Electronics!!2] | 
805A Newton Circle 
Lexington 40511 


_ (606) 259-1475 


Newark Electronics!1-2] 
1-800-367-3573 


Maryland | u 
Applied Specialties, Inc.!2;3) 
(Corporate Offices) 
10101 F. Bacon Drive 
Beltsville 20705 : 

(301) 595-5395 


Arrow/Schweber 
Electronics?! К 
9800 J. Patuxent Woods 
Drive 

Columbia 21046 

(301) 596-7800 


Hall-Mark Electronics! 2:3] 
10240 Old Columbia Road | 
Columbia 21046 
(301) 988-9800 


Hamilton/Avnet 
Electronics!1:2) 

7172 Columbia Gateway 
Drive 

Ste. F 

Columbia 21046 

(301) 995-3580 


Newark Electronics! 
1-800-367-3573 


Penstock, Inc.!2:3] 

9881 Broken Land Pkwy 
Ste. 105 

Columbia 21044 

(410) 290-3746 | 


Massachusetts 


Arrow/Schweber 
Electronics!!! 

25 Upton Drive 
Wilmington 01887 
(508) 658-0900 


Hall-Mark Electronics! 2:3] 
6 Cook Street 

Billerica 01821 

(508) 667-0902 


Hamilton/Avnet 
Electronics!!2! | 

10M Centennial Drive 
Peabody 01960 

(508) 532-9851 


Newark Electronics! 2! 
1-800-367-3573 


Penstock(22! 

5 Mount Royal Avenue 
Marlborough 01752 ` 
(508) 624-7300 


Sickles Distribution Salesi22! 
(Corporate Office) 

175 Bedford Street | 

Ste. 12 | 

Lexington 0217 3 

(617) 862-5100 


Michigan 
Arrow/Schweber 
Electronics .:2) | 
19880 Haggerty Road 
Livonia 48152 

(813) 462-2290 


Hall-Mark Electronics!12,3) 
44191 Plymouth Oak Blvd. 
Suite 1300 | 
Plymouth 48170 

(313) 416-5800 


Hamilton/Avnet | 
Electronics!!.2] 

2876 28th Street, S.W. 
Ste. 5 | 
Grandville 49418 | 
(616) 531-0345 


Hamilton/Avnet 
Electronicsi12] 

41650 Gardenbrook 
Ste. 100 

Novi 48050 | 
(313) 347-4271 


Newark Electronics!) | 
1-800-367-3573 - 


Penstock, Inc.23] - 
1-800-PENSTOC . 


Minnesota 
Arrow/Schweber ` 
Electronics!) | 
10100 Viking Drive 
Ste. 100 

Eden Prairie 55344 
(612) 941-5280 


Hall-Mark Electronics! .2,3! 
9401 James Avenue, South 
Ste. 140 

Bloomington 55431 

(612) 881-2600 


Hamilton/Avnet 
Electronics!12] 

12400 Whitewater Drive 
Minnetonka 55343 

(612) 932-0600 


Notes: 

1. Optoelectronics 

2. RF Diodes/Transistors 

3. Microwave and Avantek 
Products 


Newark Electronics!i2] : 
1-800-367-3573 


Penstock, Inc.!24] 
1-800-PEN STOC 


Missouri | 


Hall-Mark Electronics/12,3] 


3783 Rider Trail South 
Earth City 63045 
(314) 291-5350 


Hamilton/Avnet 
Electronics! 2] 
741 Goddard 
Chestfield 63005 
(314) 537-1600 


Newark Electronics!1,2] 
1-800-367-3573 


Penstock, Inc./2:3] 
1-800-PENSTOC 


New Jersey 


Arrow/Schweber 
Electronics! 

43 Route 46 East 
Pine Brook 07058 
(201) 227-7880 


Arrow/Sch weber 
Electronics! 1:2) 

4 Stow Road 
Marlton 08053 


(609) 596-8000 


Hall-Mark Electronics! 


200 Lanidex Plaza 
2nd Floor 
Parisippany 07054 
(201) 515-3000 


Hall-Mark Electronics!12.3] 
225 Executive Drive — 
Ste. 5 | 

Moores Town 08057 
(609) 235-1900 | 


Hamilton/Avnet 
Electronics 1:2] 

One Keystone Avenue 
Bldg. 36 

Cherry Hill 08003 
(609) 751-2511 


Hamilton/Avnet 
Electronics!12] 

10 Lanidex Plaza West 
Parisippany 07054-2715 
(201) 515-5370 


Newark Еесёгоп1с 0.2] 
1-800-367-3573 


Penstock, Inc. 

124 B Little Falls Roadi23! 
Fairfield 07004 

(201) 808-1414 


New Mexico 


Hamilton/Avnet 
Electronics!12! | 

7801 Academy Road, МЕ” 
Bldg.1l,Suite204 ` 
Albuquerque 87109 
(505)828-1058 —— 


Newark Е есёгоп1св 1.2] 
1-800-367-3573 


Sertek, Inc.[2;3] 
(602) 894-9405 


New York 
Arrow/Schweber | 
Electronics?! 

20 Oser Avenue | 
Hauppauge 11788 ` 
(201) 231-1000 


Arrow/Schweber 
Electronics]  - | 
3375 Brighton-Henrietta ` 
Townline Road 
Rochester 14623 

(716) 427-0300 


Arrow/Schweber 
Electronics!12] 
(Corporate Office) 
25 Hub Drive | 
Melville 11747 
(516) 391-1148 
(Military) 


Hall-Mark Electronics 1:23] 
6605 Pittsford-Palmyra Road 
Ste. ЕЗ 

Fairport 14450 

(716) 425-3300 


Hall-Mark Electronics!12,3] 
3075 Veterans Memorial 
Ronkonkoma 11779 

(516) 737-0600 


Hamilton/Avnet 
Electroncs!1.2] 

933 Motor Park Way 
Hauppauge 11788 
(516) 434-7421 


Hamilton/Avnet 
Electronics! 1:2) 

2060 Townline Road 
Rochester 14623 
(716) 272-2729 


Hamilton/Avnet 
Electronics! 

100 Elwood Davis Road 
Syracuse 13212 

(315) 453-4000 
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Hamilton/Avnet 
Е!есітопісв!1,21 
(International) | 
933A Motor Park Way 
Hauppauge 11788 
(516) 434-7421 ` 


Newark Electronics!1.2] 
1-800-367-3573 


Penstock, Inc.123! 

251 Townline Road 
East Northport 11731 
(516) 368-2773 


Sickles Distribution Sales23] 
(Upstate New York ONLY) 
(617) 862-5100 


North Carolina 


Arrow/Schweber 
Electronics!12! 

3301 Terminal Drive 
Raleigh 27604 

(919) 250-2081 


Hall-Mark Electronics!1.2.3] 
5234 Greens Dairy Road 
Raleigh 27604 | 
(919) 872-0712 


Hamilton/Avnet 
Electronics! 2] s 
3510 Spring Forest Road 
Raleigh 27604 

(919) 878-0819 


Newark Electronics[121 
1-800-367-3573 | 


Penstock, Inc.!2.3] 
1-800-PENSTOC | 


Ohio | 
Arrow/Schweber 
Electronics?) — 
6573E Cochran Road 
Solon 44139 

(216) 248-3990 


Arrow/Schweber 
Electronics! i2) 

8200 Washington Village 
Drive 

Centerville 45458 

(513) 435-5563 


Hall-Mark Electronics!28) 
5821 Harper Road | 
Solon 44139 

(216) 349-4632 


Hall-Mark Electronics!1:2.3] 
777 Dearborne Park Lane 
Ste. L 

Worthington 43085 

(614) 888-3313 





Hamilton/Avnet 
Electronics[1,2] 

7760 Washington — 
Drive ® 

Dayton 45459 

(513) 439-6700 


Hamilton/Avnet 
Electronics!!! 

30325 Bainbridge Road, 
Bldg. А 

Solon 44139 

(216) 349-4910 


Hamilton/Avnet 
Electronics! 


2600 Corporate Exchange | 


Dr. 
Columbus 43231 
(614) 882-7389 — 


Newark Electronics?! 
1-800-367-3573 


Penstock, Inc.f2;3] 
1-800-PENSTOC 


Oklahoma 


Arrow/Schweber | 
Electronics!!! 
12111 E. 51st Street 
Ste. 101 

Tulsa 74146 

(918) 252-7537 


Hall-Mark Electronicsi.231. 


5411$. 125th East Ave. 
Ste. 305 

Tulsa 74146 

(918) 254-6110 


Hamilton/Avnet 
Electronics?! 
12101 E. 51st Street 
Ste. 106 

Tulsa 74146 

(918) 252-7297 | 


Newark Electronics?! 
1-800-367-3573 


Penstock, Inc.22! 
1-800-PENSTOC 


Oregon 


Almac/Arrow Electronics! 


1885 N.W. 169th Place 
Beaverton 97006 
(503) 629-8090 


Notes: 

1. Optoelectronics 

2. RF Diodes/Transistors 

3. Microwave and Avantek 
Products 


Hamilton/Avnet 
Electronics! 
9750 S.W. Nimbus 
Beaverton 97005 . 
(503) 526-6202 


Newark Electronics!) 
1-800-367-3573 


Penstock, Inc.23] | 
1-800-PENSTOC 


Pennsylvania 
Arrow/Schweber 
Electronics?! 

1000 R.I.D.C. Plaza 
Ste. 203 

Pittsburgh 15238 
(412) 963-6807 


Hamilton/Avnet 
Electronics!!! 

213 Executive Drive 
Ste. 820 

Магз 16046 | 
(412) 772-1881 


Newark Е1есігорісв(12 
1-800-367-3573 


Penstock, Іпс.1231 
40 Сгосе Гапе 
Coatesville 19320 
(215) 383-9535 


Texas 


Arrow/Schweber 
Electronicsi2] | 

2227 West Braker Lane 
Austin 78758 

(512) 835-4180 


Arrow/Schweber 
Electronics! 122! 

3220 Commander Drive 
Carrollton 75006 

(214) 380-6464 


Arrow/Schweber 
Electronics!!! 
10899 Kinghurst 
Ste. 100 
Houston 77099 
(713) 530-4700 


Hall-Mark Electronics!12.3] 
(Corporate Office) | 

11333 Pagemill Road 
Dallas 75243. 

(214) 343-5000 


Hall-Mark Electronics!1.2.3] 
11420 Pagemill Road 
Dallas 75243 

(214) 553-4300 


Hall-Mark Electronics!!:2.3] 
8000 West Glen 

Houston 77063 

(713) 781-6100 


Hamilton/Avnet 
Electronics?! 

1807A West Braker Lane 
Austin 78758 

(512) 832-4306 


Hamilton/Avnet 
Electronics?! 

4004 Belt Line Road 
Ste. 200 

Dallas 75244 

(214) 308-8111 


Hamilton/Avnet 
Electronics!!! 

1235 North Loop West 
Ste. 521 

Houston 77008 

(713) 861-8517 


Newark Electronics/1:2] 
1-800-367-3573 


Penstock, Inc.!2:3] 
13740 Midway Road 
Dallas 75244 

(214) 701-9555 


Utah 
Applied Specialties!23) 
1-800-950-8555 


Hamilton/Avnet 
Electronics!!2] . 

1100 East 6600 South 
Ste. 120 

Salt Lake City 84121 
(801) 972-2800 


Newark Electronics?! 
1-800-367-3573 


Penstock, Inc.[23] | 
1-800-PENSTOC 


Sertek, Inc.12:3] 
800 334-7127 
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Washington | 
Almac/Arrow Electronics!) 
14360 S.E. Eastgate Way 
Bellevue 98007-6458: 
(206) 643-9992 


Hamilton/Avnet 
Electronics! 

17761 М.Е. 78th Place | 
Redmond 98052 - 

(206) 881-6697 


Newark Electronics] 
1-800-367-3573 | 


Penstock, Inc.23 | 
10800 N.E. Street 
Ste. 805 

Bellevue 98004 
(206) 454-2371 


Penstock, Inc.23! 
1-800-PENSTOC 


Wisconsin 


Arrow/Sch weber 
Electronics] 

200 North Patrick Blvd. 
Brookfield 53045 

(414) 792-0150 ` 


Hall-Mark Е!есітопісв!1,2,3) 
2440 South 179th Street 
New Berlin 531460 
(414) 797-7844 


Hamilton/Avnet | 
Electronics?) | 

20875 Crossroads Circle 
Ste.400 . 

Waukesha 53186 

(414) 784-4511 


Newark Electronics!1.2] 
1-800-367-3573 


Penstock, Inc23]. 
1-800-PENSTOC | 





International 

Australia 

VSI Promark Electronics 
Pty. 144.123] 

16 Dickson Avenue 

Artarmon, N.S.W. 2064 

(61) 2 439 4655 


Austria 

BFI IBEXSA Elektronik 
GmbH[23) i 

Microwave Group 

Korbinianstr. 6 

8057 Eching (München) 

Tel (089) 319 51 35 


EBV Elektronik!) 
Diefenbachgasse 35/6 
1150 Wien 

(43) 0222 894 17 74 


Transistor V.m.b.H. & Co 
KG 12] 

Auhofstr. 41A 

1130 Wien 

(43) 0222 82 94 01 


Belgium 

BFI Ibexsa В.У.1231 
PO Box 3019 

2130 KA Hoofddorp 
Tel (020) 65 31 350 


EBV Electroniki!?! 
Excelsiorlaan 35 
Avenue Excelsior 35 
1930 Zaventem 

(32) 02 720 99 36 


Brazil 


Intertek Electronica 144.12] 
Rua Miguel Casagrande, 200 
027 14-000, Sao Paulo, SP 
(011) 266-2922 


Canada 


Davetek Marketing, Inc.!1:2l 
37-4429 Kingsway 
Burnaby, BC VSH 2A1 
(604) 430-3680 


Davetek Marketing, Inc.!1?! 
#206 2723 37th Ave. МЕ 
Calgary, AB T1Y 5R8 

(403) 291-4984 


Hamilton/Avnet Electronics 
14а 112 

8610 Commerce Court 

Burnaby, BC V5A 4N6 

(604) 420-4101 


Notes: 

1. Optoelectronics 

2. RF Diodes/Transistors 

3. Microwave and Avantek 
Products 


Hamilton/Avnet Electronics 
Ltd. 02) | 

2816 21st Street NE 

Calgary, Alberta Т2Е 622 

(403) 250-9380 


Hamilton/Avnet Electronics 


14а (1.2) 
6845 Rexwood Drive 
Units 3-5 
Mississauga, 
Ontario ГАУ 1R2 
(416) 677-7432 


Hamilton/Avnet Electronics 
14а 11:2) 

190 Colonnade Road 

Nepean, Ontario K7E 7J5 

(613) 226-1700 


Hamilton/Avnet Electronics 
дап — | 
2795 Rue Halpern 


St. Laurent, Quebec H4S 1P8 


(514) 335-1000 


Czechoslovakia 
GM Electronic! 
Evropska 73 
1600 Praha 6 
(42) 422 316 7202 


Denmark 

BFI Ibexsa Danmark А/612,31 
Langebjergvenget 8A, 1. TH 
4000 Roskilde 

Tel: (046) 75 3131 


Nortecl12! 
Electronics A/S 
Transformarvej 17 

2730 Herlev 
(45) 42 84 2000 


Finland 

Field OYU2! 
Niittylanpolku 10 
00620 Helsinki 
(358) (0) 757 10 11 


France | 
Almex!12] 


Zone industrielle d’Antony | 


48, rue de l'Aubepine 
92160 Antony cedex 
(33) 1 40 96 54 00 


Arrow Electronics!1-2) 
73/79 rue des Solets | 
Silic 585 

94668 Rungis Cedex 
(33) 149 78 49 78 


EBV Elektronik!!! 

16, rue Gallilée 

Cité Descartes 

77436 Champs sur Marne 
(1) 64 68 86 00 


Elexiencel?3) 


9, rue des Petits Ruisseaux 
91370 Verriere le Buisson 


Tel: (1) 60 11 94 71 


Scie-Dimes Ibexsa SAI23) 
] Rue Lavoisier ZI-BP 25 
91430 Igny 

Tel: (1) 69 41 82 82 


S.C.A.I.B. S.A H2] 
80, rue d'Arcueil 
Silic 137 

94523 Rungis Cedex 
(33) 1 46 87 23 13 


Germany 


BFI IBEXSA Elektronik 
GmbHÜ23! 

Microwave Group 

Korbinianstr. 6 

8057 Eching (München) 

Tel: (089) 319 51 35 


EBV-Elektronik GmbH) 


Hans-Pinsel-Str. 4 
8013 Haar bei Munchen 
089 460 09 60 


Farnell GmbHU42l 
Grünwalder Weg 30 
8024 Deisenhofen 
(49) 089 613 03 01 


Ing. Buero K.-H. Dreyer?! 


Albert-Sch weizer-Ring 36 
2000 Hamburg 70 
(040) 66 90 27-28 


Jermyn GmbH 112. 
Im Dachsstück 9 
6250 Limburg 4 
(49) 06431 508-0 


Sasco GmbH!1.2] 

Hermann-Oberth-Str. 16 

8011 Putzbrunn bei 
München 

(49) 089 46 11-0 


Great Britain 


BFI Ibexsa 
Electronics [4а 12,5] 

Burnt Ash Road 

Quarry Wood Industrial 
Estate 

Aylesford 

Kent 

ME20 7NA 

Tel: (0622) 88 24 67 


Greece 


Micronics 144.112] 

46, Kritis Street 
16451 Argyroupolis 
Athens 

(0301) 9914786Greece 
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Hong Kong 

CET Ltd. (КЕРу12,31 

22/F Chuang's Finance 
Centre 

81-85, Lockhart Road 

(852) 5 200922 | 


Semicon Products and 

Systems Со. [44.1 
11/Р., Evenew House, 
485 Lockhart Road ` 
Causeway Вау | 
(852) 5729183 


Hungary | 

Transistor V.m.b.H. & Co. 
KGi2 

Anhafstr.41A ` 

1150 Wien 

4312221 82 94 51 


India 


Blue Star Ltd. (REP)12! 
11A, Magarath Road 
Bangalore 560025 

(91) 812 575668 


Blue Star Ltd. (КЕРУ!2 
13 Community Centre 
New Friends Colony 
New Delhi 110065 

(91) 11-683-9262 


Hinditron Services Pvt. 
144.128] 

Industry House, 23-B 

Mahal Industrial Estate 

Mahakali Caves Road, 

Andheri East, 

Bombay 400093 

(91) 22 8634035 


SKAG INC. 

15, Wood Street, 
Richmond Road 
Bangalore 560025 
(91) 812 576502 


Israel 


CMSI231 

Computation & 
Measurement Systems 

Itd. 

11, Hashlosha Street 

P.O. Box 25089 

67060 Tel-Aviv 

Tel: (03) 538 03 18 


Telsys Ltd?! 

Atidim, Industrial Park, 
Bldg 3 

Dvora Hanevia Street, Neva 
Sharet 

61431 Tel-Aviv 

Tel: (03) 49 20 01 





Italy 

BFI Ibexsa SPAI23! 
Via Massena 18 | 
20145 Milano 

Tel: (02) 33 10 05 35 


Celdis Componenti S.r.111:2) 
Via Fluvio Testi 280 

20126 Milano 

Tel: (02)66 10 34 00 


Dott. 159.121 

Giuseppe de Mico S.p.A. 
V. Le Vittorio Veneto 8 
20060 Cassina de Pecchi 
(02) 95 34 36 00 


LASI Elettronica S.P.A 112) 
Viale Fluvio Test. 280 
20126 Milano 

(02) 66 10 1370 


Japan 

Ryoden Trading Co., 
Limited!1.2) | 

3-15-15 , Higashi Ikebukuro, 

Toshima-ku, Tokyo 170 

(81) 3-5396-6206 


Ryoden Trading Co., 
Limited!12] 

Niski Hanshin Bldg. 

2-3-24, Umeda, Kita-ku, 

Osaka-shi, Osaka 530 ` 

(81) 6-347-1461 | 


Ryoyo Electro Corporation 
Konwa Bldg. 

1-12-22, Tsukiji 

Chuo-ku, Tokyo 104 

(81) 3-3546-5088 


Ryoyo Electro Corporation!!! 
Nisshin Shokuhin Bldg. 
4-1-1, Nishi-Nakajima 
Yodogawa-ku, Osaka 532 
(81) 6-302-5371 


Ryoyo Electro Corporation!!! 
Nagoya AT Bldg. 

1-18-22, Nishiki, Naka-ku, 
Nagoya-shi, Aichi 460 

(81) 52-203-0277 


Tokyo Electron Limited!12! 
Shinjuku Monolith Bldg. 
3-1-2 Nishi Shinjuka | 
Shinjyuku-Ku, Tokyo 163 
(81) 3-3340-8251 


Notes: 

1. Optoelectronics 

2. RF Diodes/Transistors 
3. Microwave and Avantek 


Products 


Tokyo Electron Limited!1! 

Sumitomoseimei Shin-Osaka 
Bldg. 

4-1-14, Miyahara, 

Yodogawa-ku, 

Osaka-shi, Osaka 532 

(81) 6-399-0263 


Yamada Corporation!) 
Shin-Aoyama Bldg. East 
1-1-1 Minami-Aoyama 
Minatu-Ku, Tokyo 107. 
(81) 3-3475-1121 


Yamada Corporation!) 
Nagoya Kokusai-Center 
Bldg. 
1-47-1, Nakano, 
Naka Ura-Ku 
Nagoya-shi, Aichi 450 
(81) 52-563-6661 . 


Yamada Corporation!) 
Higobashi Shimizu Bldg. 
1-3-7 Tosabori, Nishi-Ku 
Osaka-shi, Osaka 550 
(81) 6-449-1101 


Korea 


Panwest Co., Ltd. (REP) 

2nd Floor, Jeil Life 
Insurance — 

New Building 

1303-16 Seocho-Dong 

Seocho-ku, Seoul 

(82) 2-5520344 


Malaysia 


DCP (M) SDN BHD) 
6th Floor Wisma Denko 
41 Aboo Sittee Lane | 
10400 Penang 

(60) 4-363376 


Netherlands 


EBV Elektronik?) 
Planetenbaan 2 

3606 AK Maarssenbroek : 
(31) 03465 623 53 ` 


Diode Nederland?! 
Coltbaan 17 

3439 NG Nieuwegein 
Tel: (03402) 912 34 


New Zealand 


VSI Electronics (NZ) ` 
Ltd.02.3) 

7 Beasley Ave. 

Penrose 

Auckland 

(64) 9 579 6603 


VSI Electronics (NZ) лап 
295 Cashel Street 
Christchurch 

(64) 3 660-928 


VSI Electronics (NZ) Ltd.l3,2) 
Flanders Arcade 

71 High Street 

Lower Hütt 

(64) 4 694-560 . 


Norway 
NORTEC2! 
Electronics A/S 
P.O. Box 123 
1364 Hvalstad 
(47) 02 846210 


ITT Multikomponent ABl! 
N. Kalbakkvn. 88 

1081 Oslo 10 

Tel: (02) 32 12 70 


Poland 
Meditronik?! 

4, Dzika Street 
00-194 Warsaw 
(02) 63522-63/-64 


Portugal 


АТО Electronica Lda.!l1,2,3) 

R. Dr. Faria de Vasconcelos, 
3-A 

1900 Lisboa 

(351) 01 847 2200 


Singapore 

Dynamar Computer 
Products!1.2] И 

PTE Ltd. (REP) 

109 Defu Lane 10 | 

Off Hougang Avenue 3 ` 

Singapore 1953 

(65) 2813388 


Hi-Tech Business Associate?! 

230, Upper Bukit Timah 
Road | 

Bukit Timah Industrial 
Complex #04-10 

Singapore 2158 

(65) 4620668 


So. Africa 


Advanced — HÀ 
Devices (РТУ) Ltd.12) 
P.O. Box 2944 | 
Johannesburg 2000 ` 
(27)011444 2333 


Spain ` ` 

BFI IBEXSA Electronica 
S.A [2,3] 

C/ Isabel Colbrand, S/N - 

Edificio Alfa III, Nave 85 

Pol. Ind. Fuencarral ü 

28049 Madrid 

Tel: (1) 358 85 16. 


Diode Espana?! 
Calle Orense 34 ` 
1Е Planta | 
28020 Madrid 
(34) 01 555 36 86 
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ВЕІ ІВЕХ5ДІЗ! 

Isabel Colbrand, S/N 
Edif. Alfa III, Nave 85 
Poligono Ind. Fuencarral 
28049 Madrid . 

(91) 358 47 77 


SELCOL!21 

Sociedad de Electronica y 
Componentes S.A. | 

Paseo de la Habana 190 

28036 Madrid 

(91) 326 42 13 


Sweden 


BFI - IBEXSA М ordic ABI2,3) 
Box 3040 

Lóvüngsvügen 8 

19403 Upplands Vasby 
Sweden 

46/8/626 99 00 


ITT Multikomponent AB!12] 
Ankdammsgatan 32 

Box 1330 

171 26 Solna 

(46) 08 83 00 20 


NORTEC Electronics ABUS 
Box 1830 | 
17127 Solna ` 
(08) 705 18 00 


Switzerland 


Basix fur Elektronik Аспа 
Hardturmstr. 181 
Postfach. | 

8010 Zurich 

(41) 01 276 11 11 


BFI IBEXSA Elektronik. 
GmbHI25] 

Microwave Group 

Korbinianstr. 6 | 

8057 Eching (München) 

Tel: (089) 319 51 35 


EBV Elektronik AG!12] 
Vorstadtstrasse 37 
8958 Dietikon — 
(41) 01 740 1090 


Fabrimex Distribution 
AGU3  - 

Krichenweg 5 

8032 Zürich | 

Tel: (01) 386 86 86 .. 


Taiwan (Republic of ` 
China) 


Morrihan International | 

No. 57, 8th Floor 

Yang Shen Shan Yet 
Building 

337 Fu Hsing North Pond 

Taipei, Taiwan | = 

(886) 2 7522200 


Turkey 

Етра AS112] 
Elektronik Mamulleri 
Pazarlama A.S. 

Forya is Merkezi 
Besyol Londra Аза 
34630 Florya-Istanbul 
(0901) 599 30 50 


United Kingdom 
Celdis Ltd 1121 

37-39 Loverock Road, 
Reading 

Berkshire RG3 1ED 
(44) 0734 585171 


Notes: 

1. Optoelectronics 

2. RF Diodes/Transistors 

3. Microwave and Avantek 
Products 


ESD 144.012) 
Edinburgh Way 
Harlow, 

Essex CM20 2DF 
(44) 0279 626777 


Farnell Electronic?! 
Canal Road 

Leeds 

West Yorkshire LS12 2TU 
(44) 0532-636311 


Jermyn Distribution!!2) 
Vestry Estate 
Sevenoaks, 

Kent TN14 5EU 

(44) 0732 74 37 43 


Macro Marketing 144.121 


Burnham Lane 
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Slough 
Berkshire SL1 6LN 
(44) 0628-6044 22 


Solvenia/Kroatia/ 
Yugoslavia 


Elektrotehna!12] 

Do Junel, TOZD ELZAS 
Poljanska 25 

61000 Ljubljana 

(38) 061 318 663 


EBV Elektronik?! 
Diefenbachgasse 35/6 
1150 Vienna 
43/222/894 17 74 





US Sales & Support 


Alabama 


620 Discovery Dr. 
Huntsville 35806 
Tel: 205-971-2000 


Arizona 


8080 Pointe Parkway 
West 

Phoenix 85044 

Tel: 602-273-8000 


3400 E. Britannia Drive 
Bldg. C, Suite 124 
Tucson 85706 

Tel: 602-573-7400 


California 


26701 West Agoura Road 
Calabasas 91302 
Tel: 818-880-3400 


1421 S. Manhattan 
Avenue 

Fullerton 92631 
Tel: 714-999-6700 


5245 Pacific Concourse 
Drive 

Suite 100 

Los Angeles 90045 
Tel: 310-643-5112 


35] E. Evelyn Ave. 
Mountain View 94041 
Tel: 415-694-2000 


4244 So. Market Court, 
Suite A 

Sacramento 95834 

Tel: 916-929-7222 


9606 Aero Drive 
San Diego 92123 
Tel: 619-279-3200 


9800 Muirlands Ave. 
Irvine 92718 | 
Tel: 714-472-3000 


Colorado. 


24 Inverness Place East 


Englewood 80112 
Tel: 303-649-5000 


Connecticut 


#4 The Forum 

9th Floor 

Stamford, CT 06901 
Tel: 203-324-1003 


115 Glastonbury 
Boulevard 
Glastonbury 06033 
Tel: 203-633-8100 


Florida 


5900 N. Andrews Ave. 
Suite 100 

Ft. Lauderdale 33309 
Tel: 305-938-9800 


6177 Lake Ellenor Drive 


Orlando 32809 
Tel: 407-859-2900 


5550 W. Idlewild Ave., 
Suite 150 

Tampa 33634 

Tel: 813-884-3282 


Georgia 

1995 North Park Place 
Atlanta 30339 

Tel: 404-955-1500 


Illinois 
5201 Tollview Dr. 


Rolling Meadows 60008 


Tel: 708-255-9800 


Up 





Indiana 
201 W. 103rd St. 


Suite 100 


Indianapolis, IN 46290 
Tel: 317-844-4100 


Maryland 


3701 Koppers St. 
Baltimore 21227 
Tel: 301-644-5800 


Massachusetts 


29 Burlington Mall Rd. 
Burlington 01803 
Tel: 619-270-7000 


Michigan 
39550 Orchard Hill Place 


Novi 48376 
Tel: 313-349-9200 


Minnesota 


2025 W. Larpenteur 
Avenue 

St. Paul 55113 

Tel: 612-644-1100 


Missouri 


6601 Winchester Avenue 
Kansas City 64133 
Tel: 816-737-0071 


New Jersey 

W. 120 Century Rd. 
Paramus 07652 
Tel: 201-599-5000 


New York 

290 Woodcliff Dr. 
Fairport 14450 
Tel: 716-264-4000 
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HEWLETT 
PACKARD 


7 Old Sod Farm Road 
Melville 11747 ` 
Tel: 516-753-0555 / 


North Carolina 
2000 Regency Pk 
Suite 600 

Cary, NC 27511 
Tel: 919-467-6600 


Ohio 

7887 Washington Village 
Dayton 45459 

Tel: 513-433-2223 


15885 Sprague Rd. 
Strongsville 44136 
Tel: 216-243-7300 


Oregon 


15115 SW Sequoia 
Parkway, Suite 100 
Portland 97224 
Tel: 503-598-8000 


Pennsylvania 


2750 Monroe Blvd. 
Valley Forge 19482 
Tel: 215-666-9000 


Texas 

930 E. Campbell Rd. 
Richardson 75081 
Tel: 214-231-6101 


Washington 

15815 SE 37th St. 
Bellevue 98006 "TE 
Tel: 206-643-4000 ED 


International 





Support 


Austria and Eastern Region 


Hewlett-Packard 
Lieblgasse 1 

P.O. Box 72 

A-1222 Vienna 

Tel: 43/2 22/25 00 461 


Belgium/Luxemburg 


Hewlett-Packard 

Boulevard de la Woluwe 100 
Woluwedal 

B-1200 Brussels 

Tel: 32/2/77 78 31 11 


Brazil 


Edisa Informática S.A. 

Alameda Rio Negro 750 

06454 - Alphaville - Barueri - SP 
Brazil 

Tel: (+55 11) 709-1444 


Canada 


Hewlett-Packard Ltd. 
6877 Goreway Drive 
Mississauga, Ontario 
L4V1M8 

Tel: 416-678-9430 


China 


Hewlett-Packard Co., Ltd. 
5-6/F West Wing Office 
China World Trade Center 
No. 1 Jian Guo Men Wai Ave. 
Beijing, 100004, PRC 

Tel: 86-1-505-3888 


Finland 


Hewlett-Packard Oy 
Piispankalliontie 17 
SF-02200 Espoo 

Tel: 358/0/8 87 21 


Sales & Marketing 


France 


Hewlett-Packard 

Z.A. de Courtaboeuf 

1, Avenue du Canada 
F-91947 Les Ulis Cedex 
Tel: 33/1/69 82 60 60 


Greece/Turkey 


Hewlett-Packard S.A. 
P.O.Box 

150 Route du Nant-d'Avril 
CH-1217 Meyrin 2 

Tel: 41/22/780 81 11 


Israel 


Computation & Measurement 
Systems Ltd. 

11 Hashlosha Street 

P.O.Box 25089 

IL-Tel Aviv 67060 

Tel: 972/3/538 03 18 


Italy 


Hewlett-Packard Italiana S.p.A. 
Via G. Di Vittorio 9 

I-20063 Cernusco S/N (MD 

Tel: 39/2/92 121 


Japan 

Yokogawa Hewlett-Packard 
29-21 Takaido-Higashi 3 Chome 
Sugimani-Ku, Tokyo 168 

Japan 

Tel: 81-3-3331-8153 


Netherlands 
Hewlett-Packard B.V. 
Boschdijk 137 

NL-5612 HB Eindhoven 
Tel: 31/40/32 42 18 
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Когеа 


Samsung Hewlett-Packard 
Samsung Life Bldg. 

36-1 Yeoeui Do-Dong 
Youngdeungpo-Ku 

Seoul, 150-010, Korea 

Tel: 82-2-769-0114 ` 


Mexico 


Hewlett-Packard de México 
S.A. de C.V. | E 
Monte Pelvoux No. 111 
Fracc. Lomas de Virreyes 
11000 Mexico D.F. 

Mexico 

(4-52 5) 326-4000 


Singapore | 
Hewlett-Packard Singapore 
150 Beach Rd. 429-00 | 
Gateway West Singapore 0718 
Tel: 65-291-9088 


Spain/Portugal | 
Hewlett-Packard Espanola S.A. 
Corta de la Coruna km 16 500 
Madrid 

E-28230 Las Rozas 

Tel: 34/1/626 16 00 


Sweden, Denmark, Norway 


Hewlett-Packard AB 
Skalholtsgatan 9, Kista | 
Box 19 

S-164 93 Kista 

Tel: 46/8/7 50 20 00 


Switzerland/South Africa 


Hewlett-Packard 
Allmend 2 
CH-8967 Widen 
Tel: 41/57/31 21 11 





. Taiwan 


Hewlett-Packard Taiwan Ltd. 
20, Kao Shuang Rd, Ping Chen 
Tao-Yuan, Taiwan, R.O.C. 

Tel: 886-3-492-9666 


United/Kingdom/Ireland 


Hewlett-Packard Ltd. 
Amen Corner 

Cain Road 

Bracknell 

UK-Berkshire RG12 1HN 
Те]: 44/344/ 36 00 00 


Frimley Microwave Centre 
Hewlett-Packard _ 

Unit 6 

Frimley Business Park 
Frimley, Camberley 

Surrey GU16 5SG 

United Kingdom 44 276-685753 


West Germany 
Hewlett-Packard GmbH ` 
Components Marketing 
Operation | 

P.O. Box 1430 
Herrenberger Str, 124 
D-7030 Bóblingen 

Tel: 49/7031/14-0 


Hewlett-Packard GmbH 
Hewlett-Packard-Strasse 
D-6380 bad Homburg | 
Tel: 49/6172/16-0 
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